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ABSTRACT

An Advanced Land Imager (ALI) will be flown on the first Earth Observing mission (EO-1) under NASA’s
New Millennium Program (NMP). The ALI contains a number of key NMP technologies. These include a
15° wide field-of-view, push-broom instrument architecture with a 12.5 c¢m aperture diameter, compact
multispectral detector arrays, non-cryogenic HgCdTe for the short wave infrared bands, silicon carbide
optics, and a multi-level solar calibration technique. The focal plane contains multispectral and
panchromatic (MS/Pan) detector arrays with a total of 10 spectral bands spanning the 0.4- to 2.5-um
wavelength region. Seven of these correspond to the heritage Landsat bands. The instantaneous fields of
view of the detectors are 14.2 urad for the Pan band and 42.6 prad for the MS bands. The partially
populated focal plane provides a 3° cross-track coverage corresponding to 37 km on the ground. The focal
plane temperature is maintained at 220 K by means of a passive radiator. This document is meant to serve
as an instrument handbook and will outline key areas vital for proper operation and data processing: ALI
design and performance, the calibration pipeline, commanding, telemetry, and flight operations.
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1. INTRODUCTION

The first Earth Observing satellite (EO-1) under the New Millennium Program (NMP} will carry an
Advanced Land Imager (ALI) with multispectral imaging capability'* (Figure 1). Overall direction of the
EO-1 mission and acquisition of the spacecraft is being carried out by the Goddard Space Flight Center
(GSFC) of NASA. MIT Lincoln Laboratory developed the Advanced Land Imager with NMP instrument
team members Raytheon Systemns Santa Barbara Remote Sensing (focal plane) and SSG Inc. (optical
system). This instrument includes an optical system, a focal plane system, a calibration system, and the
structural, thermal, and electrical components required to form an integrated unit. Lincoln Laboratory was
responsible for the design, fabrication, test and development of the instrument, the software and databases
for calibration, and will be responsible for on-orbit performance assessment.

This document provides a detailed overview of the instrument, including the telescope, control electronics,
mechanisms, and thermal control system. The calibration pipeline that will be used to radiometrically
calibrate flight data is also discussed. A complete command and telemetry list will be provided along with a
description of the operating modes expected on orbit. Finally, contingency procedures that will be
implemented during flight operations will be discussed.

Figure I. Photograph of the Earth Observing-1 Advanced Land Imager.



2. INSTRUMENT DESCRIPTION

The overall envelope and configuration of the Advanced Land Imager is depicted in Figure 2. The
instrument is approximately 0.9m (X) x 0.9m {Y) x 0.7m {Z) and sits on an aluminum pallet that attaches to
the spacecraft. The instrument has a velocity vector in the +X direction with the base pallet mounted on the
nadir deck of the spacecraft so that earth is in the +Z direction. The focal plane and focal plane electronics
each have radiators to help regulate the thermal environment of these components. The telescope is under
multi-layer insulation (MLI) and is surrounded by a thin (~1mm) aluminum housing that supports an
aperture cover. The ALI Control Electronics and the Focal Plane Electronics (FPE) packages are supported
on the pallet outside the telescope housing.

Aperture Size : 0.9m x 0.9m x 0.7m
. Cover * Telescope Mass : 90 kg
ALI Controf
Electronics
Focal
Plane
Radjiator

Focal Plane
Electronics

MLI Removed MLLI Installed

MLI : Multi-Layer Insulation

Figure 2. ALl instrument configuration showing the main thermal, mechanical, and electronic components.

2.1 TELESCOPE

A conceptual sketch of the interior of the ALI illustrating the major design features is shown in Figure 3.
The telescope is a £/7.5 reflective triplet design with a 12.5 ¢m unobscured entrance pupil and a FOV of 15°
cross-track by 1.256° in-track. It employs reflecting optics throughout, to cover the fullest possible spectral
range. The design uses four mirrors: the primary is an off-axis asphere, the secondary is an ellipsoid, the
tertiary is a concave sphere, and the fourth is a flat folding mirrer. The optical design features a flat focal
plane and telecentric performance, which greatly simplifies the placement of the filter and detector array
assemblies. The focal plane consists of five modules, only one of which is populated with detectors (for
cost reasons). When the focal plane is fully populated, the detector arrays will cover an entire 185 km
swath on the ground, equivalent to Landsat, in a ‘push-broom’ mode.



. Main Focal Plane Assembly
SIC Optics
Low mass
Themmaily stable

—

Innovative in-flight
calibration
Solar calibratlon
Lunar callbration
Internal lamps.

Wide FOV 1.256° x 15°
All reflactive telescope
Push broom data collection
No scan mirrer

Muitispectral/
Panchromatic
Sensor Assembly

5

o ‘ Tan VNIR/SWIR bands
1256 on common readout

Operaticn at 220 K

Figure 3. A conceptual skeich of the ALI telescope and Focal Plane Assembly.

The telescope design incorporates silicon carbide mirrors and an Invar truss structure with appropriate
mounting and attachment fittings. Silicon carbide has many favorable properties for space optical systems.
It possesses a high stiffness to weight ratio and a low coefficient of thermal expansion. Although it has
been used for space optical elements previously, it has not been used for such large mirrors. A photograph
of the silicon carbide mirrors that are held in place by the Invar metering truss is shown in Figure 4.

Telescope features

* 12.5 cm entrance pupil
. 15° x 1.26° field-of-view

*  Telecentric, £7.5 design

+  Unobscured, reflective optics
+  Silicon carbide mirrors

+  Wavefront error =0.11 4 RMS @
633 nm

J

|
L
]
]
]
]

Figure 4. Photograph of the silicon carbide mirvors supported by the [nvar metering truss.



2.2 FOCAL PLANE

Although the optical system supports a 15° wide FOV, only 3° was populated with detector arrays, as
illustrated in Figures 5-7. The muitispectral panchromatic (MS/Pan) array has 10 spectral bands in the
visible, near infrared (VNIR), and short wave infrared (SWIR) (Figures 8 and 9). The pan detectors
subtend 10 m square pixels on the ground and are sampled every 10 m as the earth image moves across the
array. The MS detectors subtend 30 m and are sampled every 30 m. The wavelength coverage and ground
sampling distance (GSD) are surmmarized in Table 1. Six of the nine multispectral bands are the same with
those of the Enhanced Thematic Mapper (ETM+) on Landsat 7° for direct comparison. The additional
bands, indicated with primes, were chosen for other science objectives.

MS/Pan 3CAs

MS/Pan Module 3CA
HgCdTe Detector Array Spactral Fliters
3WIR bands Silicen
\. Datectors
ROIC VNIR bands

MS : Multispactral
Pan : Panchromatic
ROIC : Raad-out Intagrated Circuit
= SCa : Sansor Chip Assembly
SWIR : Short Wave Infrared
MS/Pan VNIR : Visibla Near Infrared

Figure 5. ALI Focal Plane Assembly.

Four sensor chip assembles (SCAs) populate the 3° cross-track segment of the focal plane to form the focal
plane array or FPA. Each MS band on each SCA contains 320 detectors in the cross-track direction, while

each pan band contains 960 detectors. The total cross-track coverage from the single MS/Pan module is 37
km.

The MS/Pan arrays use silicon-diode VNIR detectors fabricated on the silicon substrate of the Readout
integrated Circuit (ROIC). The SWIR detectors are mercury-cadmium-telluride (HgCdTe) photo-diodes
that are indium bump-bonded onto the ROIC that services the VNIR detectors. These SWIR detectors
promise high performance over the 0.9 to 2.5 pm wavelength region at temperatures that can be reached by
passive or thermoelectric cooling. The nominal focal plane temperature is 220K and is maintained by the
use of a radiator and heater controls (see Section 2.9).

Application of detectors of different materials to a single readout integrated circuit (ROIC) enables a large
number of arrays covering a broad spectral range to be placed closely together. This technology is
extremely effective when combined with the wide cross-track FOV optical design being used on the ALI.



MAIN FOCAL PLANE ASSENBLY. EO-1

Figure 6. Photograph of ALl Focal Plane Assembly.

Figure 7. Photograph of populated Sensor Chip Assembly.



TABLE 1

ALl Spectral Coverage and Ground Sample Distances

Band Wavelength (um) GSD (m)
Pan 0.480-0.680 10
MS-1° 0.433-0.53 30
MS-1 0.450-0.515 30
MS-2 0.525-0.805 30
MS-3 0.630-0.690 30
MS-4 0.775-0.805 30
MS-4’ 0.845-0.890 30
MS-5' 1.200-1.300 30
MS-5 1.550-1.750 30
MS-7 2.080-2.350 30

Corrected VNIR Spectral Response

1

09
o 08 / " — SCA#1
@ 07 A St B S VCY P
g Ve N
2064 - ~ —
77 b i A\l
2 04 /,JP\{“\/ \4' — sca4
;f 0.3 M PAN \ — sca4
€ 0.2 ./ i \ [-—scad

i

o
-y
|

J |
LY VA O A
400 600 800 1000
Wavalength (nm)

Figure 8. ALI spectral response functions for the visible and near infrared bands obtained from component level
measurements. The smoothly varving curves at the lop represent the responsivities of the silicon detectors for each
SCA. The final responses for each band, considering mirror reflectivities, filter transmissions, and detector
responsivities are shown in the lower curves.



SWIR Spectral Response
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Figure 9. ALI spectral response functions for the short wave infrared bands obrained from component level
measurements. The smoothly varying curves at the top represent the responsivities of the HgCdTe detectors for each
SCA. The final responses for each band, considering mirror reflectivities, filter transmissions, and detector
responsivities are shown in the lower curves.

The focal plane electronics (FPE) provides the necessary bias and clock voltages to operate and control the
FPA. Both the array frame rate and the detector integration times can be set by commands to the FPE. The
nominal frame rate is 226 frames/sec. The nominal integration time for the MS detectors is 4.05 msec
while 1.35 msec for the Pan. The frame rate can be adjusted in 312.5 nsec increments to synchronize frame
rate with ground scan velocity variations due to altitude and velocity variations during orbit.

The FPE samples the output of each detector with a 12-bit converter. The samples are then multiplexed
into a 32-bit parallel word (two detector samples plus an 8 bit header), RS-422 output channel that streams
the data at a 102.4 Mbit/sec rate to a 44 Gbit capacity, Wideband Advanced Recorder-Processor (WARP)

onboard the spacecraft.

2.3 INTERNAL REFERENCE SOURCE

Daily in-flight radiometric checks of the Advanced Land Imager will be conducted by observing the on-
board internal reference source (Figures 10, 11). This source consists of three Welch Allyn 997418-7
(modified) gas-filled lamps mounted on a small, 0.8-inch diameter integrating sphere. Light emerging trom
the exit slit of the sphere passes through a BK 7 lens and infrared filter, is reflected off the ALI flat mirror,
and floods the focal plane. This source should provide better that 2% absolute radiometric calibration for
the instrument. Extensive stability and lifetime testing of the internal reference source for spacetlight
operation was conducted at Lincoln Laboratory.



Welch Allyn Lamp

/ Lens

Infrared Filter Integrating Sphere

Figure 10. EO-1 ALI internal reference source.

Internal Reference
Source \

N

Figure 11. Photograph of internal reference source.

Following each observation, after the aperture cover has been closed, the three internal calibration lamps
are powered by the ALI Control Electronics. After an eight-second stabilization period the lamps are
sequentially powered down in a staircase fashion, with two-second exposures between each step. In this
manner, the focal plane will receive a three point radiometric calibration after each observation.



24 MECHANISMS

Figure 12 illustrates three motor-driven mechanisms employed by the ALI. The aperture cover opens for a
data collection event and closes after data collection. The cover is driven by a two-phase stepper motor and
four LEDs are mounted near the cover for discrete status monitoring (open, closed, launch latch released,
fail safe released). There is also an aperture cover throwback spring that is enabled by firing a High Output
Paraffin Actuator (HOPA). The throwback spring would be used in case of motor failure; however,
shutting the aperture cover would not be possible after invoking this option.

Scatterad Light

Solar Calibration
Cover - Closed
Diffuser - Deployed
Aperture Selactor - Scanned

Figure 12. Mechanisms used in ALL

Aperture Cover

Aperture Selector

Figure 13. Photograph of the ALI Aperture Cover Assembly.
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For solar calibration, the aperture cover is closed and a Spectralon diffuser plate is swung over the
secondary mirror by a second stepper motor (Figure 14). Four LEDs are mounted near the diffuser
assembly for discrete status monitoring {deployed, stowed, launch latch released, fail safe released). Fully
deployed, the diffuser panel will reflectively scatter any sunlight that would otherwise impinge on the
secondary. Once the diffuser is in place, an Aperture Selector Assembly, contained within the Aperture
Cover Assembly, is activated. The aperture selector is a two-phase stepper motor that moves an opaque
slide over a row of small to increasingly larger slit openings, exposing the diffuser to increasing amounts of
sunlight. Fully open, the aperture selector then reverses the slide motion to eventually block all light. Two
LEDs are used to monitor the position of the selector (fully extended, fully retracted). Additionally, a
tesolver is used for continuous position readout. During solar calibration the reflectively scattered sunlight
exposes the FPA to an irradiance that is equivalent to earth-reflected sunlight for an earth albedo ranging
from 0 to 90%.

Figure 14. Photograph of the Spectralon diffuser plate and motor. The diffuser is stowed in the left image and deployed
in the right image.

The status of all ALI mechanisms may be found on the ASIST workstation display page / MECH STAT
(Figure 52). A review of the ASIST system and ALI telemetry may be found in Section 7.

2.5 HIGH OUTPUT PARAFFIN ACTUATORS

The ALI employs six high output paraffin actuators or HOPAs. Four of the HOPAs are used as launch
latches and fail safe latches for the aperture cover (Figure 15). The remaining two HOPAs are used as a
single string launch latch and fail safe latch for the solar diffuser. The launch latches are used to secure the
aperture cover and solar diffuser during ascent. The fail safe latches are only to be used if the aperture
cover or solar diffuser motors fail and cannot be recovered. Once the fail safe latches are fired, the
associated mechanism can never be used again. The status of all ALI HOPAs may be found on the ASIST
page I MECH_STAT (Figure 52).

11



Launch Latch
HOPAS

Fail-safe HOPAS

Figure 15: Location of aperture cover HOPAs.

2.6 TEMPERATURE SENSORS

The Advanced Land Imager contains thirty-six temperature sensors used to monitor the thermal condition
of many regions of the instrument. Twenty-six of these sensors are AD590s and are sensitive from
-50.83°C to +60.83°C. Five sensors are DT570s and are sensitive over the range —-39.55°C to —100.45°C.
The remaining five sensors are located within the FPE and are used by the FPE thermal control system. A
list of telemetry points and limits to be used during flight operations are provided in Section 7.

Figure 16 indicates the positions of eight temperature sensors used to monitor portions of the telescope
metering truss. All sensors are AD390s.

T1: Metering Truss Top Plate +Y
T2: Metering Truss top Plate -Y

T3: Metering Truss Shell

T6: Baseplate at +X Flexure

T7: Baseplate at +X, +Y Flexure
T8: Baseplate at -X, -Y Flexure

T15: Cal. Diffuser Plate Assembly

T16: Cal. Diffuser Plate Drive
Motor (Not Shown)

Figure 16, Locations of telescope metering Iruss ltemperature sensors.



T4 is an AD590 sensor and monitors the temperature of the focal plane array frame (Figure 17).

T4: FPA Frame at +Y Rail Mount

Figure I7. Location of temperature sensor T4 on jocal plane array frame.

Two temperature sensors are located on the instrument pallet {T9, T10). Both sensors are AD590s and are
indicated on Figure 18.

T9: Pallet +X Flexure
T10: Pailet -X Side

Figure 18. Location of pallet temperature sensors T9 and T10.
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Figure 19 indicates the positions of seven temperature sensors used to monitor portions of the focal plane
array and radiator. T20 and T32 are Ad590 and T19, T21, T29, T33, and T34 are DT570 sensors.

: FPA Conductor Bar, internal rail
interface

. " T20: FPA Conductor Bar, internal flex link
N " T21: FPA Conductor Bar, internal flex link
h T29: FPA Conductor Bar at radiator
i T32: FPA Radiator, bottom
o T33: FPA Radiator, top
T34: FPA Radiator, bottom

Figure 19. Location of focal plane array and radiator temperature sensors.

The locations of five temperature sensors located on the telescope aperture cover are indicated in Figure 20.
All sensors are AD590s.

T24: TAC Drive Motor Structure
T25: TAC Drive Motor

T26: TAC Launch Latch

@ T27: TAC

T28: Aperture Selector Motor

Figure 20. Locations of telescope aperture cover temperatire sensors.
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The locations of five temperature sensors mounted externally to the ALI are indicated in Figure 21. All
sensors are AD590s.

T17: Telescope Housing Top Plate -Y
+2 T18: Telescope Housing Top Plate +Y

T T35: FPE Radiator, +Y support
T36: ALICE Power Module
T37: Radiator Support Frame

Figure 21. Locations of external temperature sensors.

2.7 HEATERS

The Advanced Land Imager contains eight instrument heaters, two survival heaters, and one outgas heater.

2.71 Instrument Heaters

Eight instrument heaters are used to regulate the thermal differential between the top and bottom plates of
the metering truss and stabilizes the temperature of the focal plane. See Section 2.9 for a description of the
ALI Thermal Control System (TCS).

Figure 22 depicts the location of the metering truss heaters H1 and H2. These heaters are placed on top of
the top plate and on the back of the bottom plate respectively in this figure.
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H2 (Mounted below
bottom plate)

Figure 22. Locations of metering truss heaters H! and H2.

Heaters H7 — H11 are used to regulate the temperature of the focal plane radiator. These heaters are spread

along the radiator and are located in Figure 23.

H7-11 Mounted to
back of radiator

)

Figure 23. Locarions of focal plane radiator heaters H7-HI1.

The location of heater H12 is depicted in Figure 24. This heater is located on the focal plane conductor bar

and 15 used to help regulate the focal plane temperature.
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Figure 24. Location of the focal plane array heater HiZ.

2.7.2 Survivat Heaters

Two 7W survival heaters are mounted externally to the focal plane electronics box. These heaters are
thermostatically controlled by the spacecraft, and are normally enabled at all times to ensure the FPE does
not experience temperature below -1°C primary and -10°C secondary, even when the instrument is
unpowered. The location of these heaters is shown in Figure 25.

Survival heaters

Figure 23. Locations of ALI survival heaters.
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2.7.3  Outgas Heater

A 22W outgas heater has been placed on the focal plane radiator, near the radiator-conductor bar interface
(Figure 26). This heater is powered and controlled by the spacecraft and will be used to assist in raising the
temperature of the focal plane to ~0°C when the ALI is in outgassing mode (Section 8.10).

Outgas Heater Mounted to
back of radiator

Figure 26. Location of focal plane radiator outgas heater.

2.8 ALI CONTROL ELECTRONICS

The ALI Control Electronics (ALICE) package is located outside the telescope housing and is thermally
coupled to the nadir deck. The ALICE controls all functions of the instrument (Figuze 27) and has nine

primary duties:

= provide filtering and protection for +28 V primary power from the spacecraft
—  distribute primary and secondary power to ALI subsystems

~  collect housekeeping data

— implement 1773 command and housekeeping interface

—  issue commands to the focal plane electronics

— implement mechanism control

— implement thermal control

-~ monitor ALI health and safety

- implement instrument protection functions.

Five functional subsystems have been defined for the ALICE: ALICE power interface, focal plane
electronics power interface, mechanisms and thermal control electronics, remote services node, analog
signal conditioning electronics (Figure 28).
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Figure 27. ALI electrical block diagram.
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Figure 28. ALICE functional block diagram.
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2.8.1 ALICE Power Interface

The ALICE Power Interface or API filters spacecraft +28 V primary power and distributes primary (+28 V)
and secondary (+5V, +/-15 V) power to the ALICE backplane (Figure 29). Additionally, primary power
voltage and current monitor signals are routed to the ALICE Analog Signal Conditioning Electronics
{ASCE) by the APL

+28 'V
INTERPOINT
FMD-481 FILTER
28V =
INTERP

» M::EéegégT o QUIPUT s5y R
DC-DC CONVERTER FILTER g
z
a X
» Iﬁr—'ELF;e?;gT > QuTPUT LA Q
DC-DC CONVERTER FILTER <
w
©
POWER MONITOR szavvoLTage monor [ &

> CONSEI)EFTSII:MNG +28 V CURRENT MONITOR N

Figure 29. ALICE power interface (API).

2.8.2 Focal Plane Electronics Power Interface

The FPE Power Interface or FPEPI also filters spacecraft primary power and distributes secondary (+5 V,
+/-15 V) 1o the focal plane electronics (Figure 30). +28 V current trip circuits are in place to protect the
FPEPI if excess +28 V current is on the primary power bus. FPE power monitor signals are also routed to
the ASCE.

23y —p|  INTERPOINT
j} CONVERTER SYNC '{L FMD-461 FILTER
a v | outeur INTERPOINT +38V CURRENT [
= FiLTER [*] MEL2B0SS  le— TroLTrcom e »
5 DC-DC CONVERTER
&
E w
] *sv | outeut|, [ INTERPOINT +28v CURRENT [ z
o FILTER MF 128055 TRIP CIRCUIT [ - F
i} DC-DC CONVERTER a
w ¥
Z = Z
2 . INTERPGINT = o
2L Ead o R N el e MR K
2 GC-DC CONVERTER 3]
S P 2
f———
frd & +15v| ouTRUT INTERPOINT +28v CURRENT  [*
LT e MFL26150 e - .
DC-DC CONVERTER TRIP CIRCUIT % / M
Fay
7
/

— +28V CURRENT MONITOR
+— +28V POWER ENABLE
«— +28V TRIP RESET

—» +28 YV TRIP STATUS

Figure 30. FPE power interface (FPEPI)
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2.8.3 Mechanisms and Thermal Centrol Electronics

The Mechanism and Thermal Control Electronics (MTCE) subsystem is used to provide power to the ALI
mechanisms, heaters, and flood lamps (Figures 31-33). The MTCE board primarily consists of power
switching circuits for three two-phase unipolar stepper motors, six, high output paraffin actuators (HOPAs),
eight thermostatically controlled heaters, and three individually controlled flood lamps. +15V mechanism
power and +28 V HOPA and heater power is provided by the ALICE Power Interface through the ALICE
backplane. Each of the three services has overcurrent trip circuitry 1n place. All higher leve! logic functions
used to control the MTCE are implemented in the Remote Services Node (RSN) software. These services
include motor positioning and phasing control, software thermostats, and loop closures for proportional
temperature control. Finally, power and trip circuit status monitor signals are routed to the ASCE for
processing.

Telemetry related to ALI mechanisms may be found on the ASIST / MECH _STAT page (see Figure 52).
Telemetry related to the ALI thermal control system and ALI temperatures may be found on the ASIST
I TEMPS and I_THERMAL pages (Figures 50 and 51, respectively).
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TAC MOTOR POWER " MOTOR CURRENT MONITOR N
N AS MOTOR POWER +15V CURRENT MOTOR POWER ENABLE
p CAL MOTOR POWER TRIP CIRCUIT TRIP CIRCUIT STATUS
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» + — W
g 4, ASMOTOR PHASES . gg&g: - AS MOTOR CONTROL 3 5
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g s, CALMOTORPHASES | cvuitoHES 12) CAL MOTORCONTROL 3 El
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S . +28v g
w HOPA CURRENT MONITOR 22}
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é TRIP CIRCUIT - TRIP CIRCUIT STATUS N E
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HOPA POWER (14} ch\.}'\?I?R HOPA CONTROL (7)
e L
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Figure 31. MTCE mechanism block diagram.
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Figure 32. MTCE heaters block diagram.
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Figure 33. MTCE flood lamps block diagram.

2.8.4  Analog Signal Conditioning Electronics

The Analog Signal Conditioning Electronics or ASCE subsystem provides signal conditioning for 26
AD590 and 5 DT570 (cryogenic) temperature sensors distributed throughout the ALI (Figure 34). The
ASCE also provides buffering for 25 pseudodifferential signals originating in the focal plane electronics
and 34 ALICE power monitors. All of these signals are multiplexed onto 14 outputs that are sampled by the
RSN.  Most ALI analog housekeeping may be monitored on ASIST pages: I NOMINAL, I FPE,
{_PROCESS_STAT. I_THERMAL, |_MECH _STAT, and I TEMPS (Figures 46,48-52, Section 7).
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Figure 34. ASCE functional block diagram.
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2.8.5 Remote Services Node

The Remote Services Node subsystem houses the Essential Services Node (ESN) multi-chip module and
provides an interface between this module and the ALI (Figure 35). The RSN is composed of a generic
RSN core with ALI specific extensions. The generic RSN core includes external oscillators, boot PROM
(programmable read only memory), EEPROM (electrically erasable PROM), 1773 interface, analog to
digital conversion of housekeeping signals, and a standard backplane interface. The ALI-specific
extensions mclude digital input/cutput, digital to analog converters, RS-422 transmitters and receivers, and
resolver to digital converters. Power is provided to the RSN through the ALICE backplane.
Communication with the spacecraft (commanding and housekeeping) is accomplished through the 1773
fiber optic bus. Communication with GSE off the spacecraft and communication between the ESN and the
focal plane electronics is provided by R$-422 interfaces.

The Remote Services Node software is designed to implement seven key functions:

~  Provide spacecraft command interface over the 1773 fiber optic bus
—  Issue commands to the mechanisms and HOPAs (see Section 6)

—  Issue commands to the focal plane electronics (see Section 6)

—  Implement thermal control functions (see Section 2.9)

- Monitor instrument health and safety (see Section 2.8.6)

- Implement instrument protection functions (see Section 2.8.6)

— Provide a test interface through the RS-422 port

Important RSN ASIST pages include /_PROCESS_STAT, I CMD_LOG, and I STORED CMD.
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Figure 35, RSN functional block diagram.
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2.8.6  Instrument Health and Safety Monitoring

In addition to providing power and controlling all functions of the instrument, ALICE also continuously
monitors key parameters to verify the health of the instrument. These include circuit breakers and health
and safety interlocks.

Eight software controlled "circuit breakers’ have been implemented in ALICE to protect hardware against
short circuits in the following areas:

- HOPA power

— Heater bank 1

—  Heater bank 2

-~ Heater bank 3

—~  Heater bank 4

—  Motor power

—  FPE thermal control power
—  FPE operational power

If any circuit breaker is tripped, it is automatically reset. If a second trip occurs within 10 seconds the
associated subsystem is disabled. Once a subsystem is disabled, the circuit breaker may only be reset via
ground commands.

Eighteen health and safety software ‘interfocks’ (Figure 47, Section 7) are also implemented in ALICE 1o
assist with instrument failure, detection, and correction. These interlocks include the following:

~  IfFPE radiator temperature > 58.6 C then disable FPE operational and thermal power
- Cleared when FPE operational or thermal power is reenabled
— IfFPE +28 V input current > 1.5 amps then disable FPE operational and thermal power
- Cleared when FPE operational or thermal power is reenabled
- If FPE operational time > 30000 seconds then disable FPE operational power
- Cleared when FPE operational power is reenabled
-~ IfHOPA > 1.1 amps then disarm and disable HOPAs
- Cleared when any HOPA is fired
— IfHOPA on time > 180 seconds then disarm and disable HOPA
- Cleared when any HOPA is fired
—  If aperture cover motor temperature > 58.6 C then disable motor power and turn off all motor
phases.
- Cleared when any motor is reactivated
- If solar diffuser motor temperature > 58.6 C then disable motor power and turn off all motor
phases.
- Cleared when any motor is reactivated
— If aperture selector motor temperature > 58.6 C then disable motor power and tumn off all
motor phases.
- Cleared when any motor is reactivated
— I motor current > 2.1 amps then disable motor power and turn off all motor phases.
- Cleared when any motor is reactivated
- If'motor tumm on time > 60 seconds then disable motor power and turn off all motor phases.
- Cleared when any motor is reactivated
- Iflamp I current > 0.98 amps disable lamp power and tam off all lamps
- Cleared when any lamp is tuned on
- Iflamp 2 current > 0.98 amps disable lamp power and turn off all lamps
- Cleared when any lamp 1s turned on
— Iflamp 3 current > 0.98 amps disable lamp power and tum off all lamps
- Cleared when any lamp is turned on
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— If lamp on time > 60 seconds disable lamp power and turn off all lamps
- Cleared when any lamp is turned on

— If heater bank 1 current > 1.1 amps then disable heater bank 1 power
- Cleared when heater bank 1 is reenabled

—  If heater bank 3 current > 1.1 amps then disable heater bank 3 power
- Cleared when heater bank 3 is reenabled

- Ifheater bank 4 current > 1.1 amps then disable heater bank 4 power
- Cleared when heater bank 4 is reenabled

— I FPE operational power on and FPA rail heater power > 0 Watts then disable FPE thermal
control power
- Cleared when the FPE thermal power is reenabled

All interlock parameter values may be changed using the /I SET DEFAULT command. However, the
default parameters should be used until a need for a change is identified.

29 THERMAL CONTROL SYSTEM

The ALI Thermal Control System (TCS) regulates the thermal differential between the top and bottom
plates of the metering truss and stabilizes the temperature of the focal plane at one of five set points. The
nominal FPA temperature set-point is 220 K. Possible alternatives are 225 K, 215 K, 210 K, and 205 K
{See section 6.1.20). Status of the ALI thermal control system and 2 summary of ALI temperatures may be
found on the ASIST /_THERMAL and I_TEMPS pages (Figures 31 and 50, respectively).

The ALI TCS is invoked once a second and has three main functions:

—  Control heaters H1 and H2 (located on the top and bottom plates of metering truss,
respectively)

—  Control heaters H12 (located on the internal side of the FPA conductor bar)

- Control heaters H7-H11 {located on the FPA radiator)

For each control function, several modes have been implemented and are detailed below. Modes, which are
active upon ALICE startup (default modes), are identified in the descriptions. “Non-flight” modes can be
considered backup modes and have been useful during various stages of TCS development. Non-flight
modes can be invoked via ground command

All automatic controls are disabled when the system is placed in “Manual” mode. In this mode, each heater
can be individually controlled via ground command. However, it is recommended that the default mode
be used whenever the ALY is under neminal operating conditions.

2.9.1 Heater H1, H2 Control

The ALI thermal control system regulates the thermal differential between the telescope metering truss top
and bottomn plates by regulating power to heaters H1 and H2 (See Section 2.7.1). H1 is a SW heater located
on the top plate of the metering truss. H2 is a SW heater located on the bottom plate of the metering truss.
H1 and H2 are powered from +28V (See Section 2.8.3). They are controlled by solid state relays and are
either full on or full off. T1 is an AD590 temperature sensor, which measures the temperature of the top
plate. T6 is an AD590 temperatuze sensor, which measures the temperature of the bottom plate

STARTUP MODE

Mode 4: H1 and H2 are controlled with a software thermostat. Control of Hiand H2 1s based on
the difference between T1 and T6. NOTE: Upon ALICE startup, this 1s the default mode.
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Parameters:
Delta-T tum-on threshold
/1_SET_DEFAULT index = 16
default value = 18 { +7.88 deg C)

Delta-T tum-off threshold
/I_SET DEFAULT index = 17
default value = 9 ( +3.94 deg )

Action:
If{T1-T6) > Delta-T turn-on threshold, turn on H2
If (T6-T1) > Delta-T turmn-on threshold, turn on H!
If ((T1>T6) and ((T1-T6) < Delta-T turn-off threshold }))), turn off H2
If ((T6>T1} and ((T6-T1) < Delta-T turn-off threshold ))), turn off H1

BACKUP MODES

Mode 0: Automatic control of H1 and H2 is disabled.
Mode 1: H1 is controlled with a software thermostat, H2 is disabled. Control of H1 is based on T1
Parameters:

H1 turn-on threshold
/1 SET DEFAULT index = 13
default value = 162 ( +20.1 deg C)

H! tumn-off threshold
/I_SET_DEFAULT index = 12
default value = 185 ( +30.2 deg C)

Action:
If T1 ts greater than H1 turn-off threshold, H1 is turned off
If T1 is less than H1 tum-on threshold, H1 is turmed on

Mode 2: H2 is controlled with a software thermostat, H1 is disabled. Control of H2 is based on T6

Parameters:
H2 turn-on threshold
/I SET DEFAULT index = 15
default value = 162 ( +20.1 deg C)

H2 turmn-off threshold
/1 SET DEFAULT index = 14
default value = 185 ( +30.2 deg C)

Action:
If T6 is greater than H2 turn-off threshold, H2 is turned off
If T6 is less than H2 tum-on threshold, H2 i1s tumed on

Maode 3: H1 is controlled with a software thermostat, H2 is controiled with a software thermostat.
Control of H1 is based on T1, Control of H2 is based on T6
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Parameters:
H1 turn-on threshold
/A_SET DEFAULT index =13
default value = 162 { +20.1 deg C)

H1 tum-off threshold
/I_SET DEFAULT index =12
default value = 185 { +30.2 deg C)

H2 wrn-on threshold
/I_SET_DEFAULT index = 15
default value = 162 ( +20.1 deg C)

H2 turn-off threshold
/I_SET DEFAULT index = 14
default value = 185 ( +30.2 deg C)

Action:
If T1 is greater than H1 tun-off threshold, H1 is turned off
If T1 is less than H1 turn-on threshold, H1 is turned on
If T6 is greater than H2 turn-off threshold, H2 is turned off
If T6 is less than H2 tumm-on threshold, H2 is turned on

2.9.2 Heater H12 Control

H12 is a 3.75 W heater located on the MFPA conductor bar (See Section 2.7.1). H12 is powered from
+15V and is controlled with an analog proportional/integral compensator with heater current as the contrel
variable (See Section 2.8.3). Current cormmands are generated by a 12-bit D/A converter. T19 is a DT570
cryogenic temperature sensor, which measures the temperature of the MFPA conductor bar. HTRAM is the
voltage applied to the FPA heater by Side A of SBRS’ thermal control system. HTRBM is the voltage
applied to the FPA heater by Side B of SBRS’ thermal control system

STARTUP MODE

Mode 4: Current commands for H12 are generated by proportional plus integral control of
HTRAM or HTRBM depending on which FPE Thermal Control bus is active. Mode 3
and Mode 4 are identical except that in Mode 4, current commands are not updated while
FPE Operational Power is on. NOTE: Upon ALICE startup. this is the default mode,

Parameters:
HTRAM (HTRBM) Setpoint
/1_SET DEFAULT index = 28
default value = 78 { 9.09 Volts, 0.4 W)

Heater Power Control Proportional Gain (KP)
/I_SET DEFAULT index =29
default value = 100

Heater Power Control Integral Gain {(KI)
/I SET DEFAULT index =30
default value = 10

Heater Power Control Interval

/I_SET_DEFAULT index = 100
default value = 5 ( seconds )
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Action:
If FPE Operational Power is on, zero the Control Interval Counter and EXIT
- This serves to hold last value of the MFPA Conductor Bar power during data collection.
If the Control Interval has elapsed:
- Calculate the error signal, u(t) (the difference between HTRAM or HTRBM and the
setpoint)
- Compute the control, y{t) = y(t-1) + { KP*u(t) - KP*u(t-1) + KI*u(t) /10
- Limit the control so as not to exceed minimum or maximum H12 current
- Update error and control shift registers for next time

BACKUP MODES

Mode 0: Automatic control of H12 1s disabled.

Mode 1: Current commands for H12 are generated by thermostatic control of T19.
Parameters:

H12 turn-on threshold
/I SET DEFAULT index = 24
default value = 60 ( -53.9 deg C)

H12 um-off threshold
/I_SET DEFAULT index = 23
default value = 52 ( -52.0 deg C)

Action:
If T19 is greater than H12 tum-off threshold, H12 current command is set to zero.
If T19 15 less than H12 turn-on threshold, H12 current command is set to maximum value (0.25
Amps).

Mode 2: Current commands for H12 are generated by proportional plus integral control of T19

Parameters:
T19 Temperature Setpoint
/I_SET_DEFAULT index = 25
default value = 56 ( -52.9 deg C)

Temperature Control Proportional Gain (KP)
/I_SET DEFAULT index = 26
default value = 100

Temperature Control Integral Gain (KI)
/I_SET_DEFAULT index = 27
default value = 10

Temperature Control Interval
/I SET_DEFAULT index = 100
default value = 5 ( seconds )

Action:
If the Control Interval has elapsed:
- Calculate the error signal, u(t) (the difference between T19 and the setpoint).
- Compute the control:
y{t) = y{i-1) + { KP*u(t) - KP*u(t-1) + KI*u(t) )/ 10
- Limit the control so as not to exceed minimum or maximum H12 current



- Update error and control shift registers for next control interval

Mode 3: Current commands for H12 are generated by proportional plus integral control of
HTRAM or HTRBM depending on which FPE Thermal Control bus is active.

Parameters:
HTRAM (HTRBM) Setpoint
/I_SET DEFAULT index = 28
default value = 78 ( 9.09 Volts, 0.4 W)

Heater Power Control Proportional Gain (KP)
/I_SET DEFAULT index = 29
default value = 100

Heater Power Control Integral Gain {KI)
/I SET DEFAULT index = 30
default value = 10

Heater Power Control Interval
/I_SET_DEFAULT index = 100
default value = 3 ( seconds )

Action:
If the Control Interval has elapsed:
- Calculate the error signal, u(t) (the difference between HTRAM or HTRBM and the
setpoint)
- Compute the control, ¥{t) = y(t-1) + ( KP*u{t) - KP*u(t-1) + KI*u(t) )/10
- Limit the control so as not to exceed minimum or maximum H12 current
- Update error and control shift registers for next time

293 Heater H7-H11 Controt

H7 is a 0.75 W heater located on the FPA radiator (See Section 2.7.1). HS is a 1.5 W heater located on the
FPA radiator. H9 is a 3.4 W heater located on the FPA radiator. H10 is a 6.4 W heater located on the FPA
radiator. H11 is a 12.3 W heater located on the FPA radiator. H7-H11 are powered from +28V (See Section
2.8.3). They are individually controlled with solid-state relays. Together, these heaters may be used as a
five bit “digital-to-thermal converter” for quasi-proportional control. T34 is a DT570 cryogenic
temperature sensor, which measures the temperature of the FPA radiator. H12 CUR is the measured
current drawn through H12 {(MFPA conductor bar heater).

STARTUP MCDES

Mode 3: H7-HI11 are used as a thermal-to-digital converter and are controlled with the output of a
proportional plus integral control loop with H12 CUR as the control variable. NOTE:
Upon ALICE startup, this is the default mode.

Parameters:
H12 CUR Moving Average Count
/1 SET DEFAULT index =106
default value = 10

H12_CUR Current Setpoint

/I_SET_DEFAULT index = 102
defaunlt value = 139 ( 0.18 Amps )
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Action:

Heater Power Control Proportional Gain (KP)
/1 SET DEFAULT index = 103
default value = 10

Heater Power Control Integral Gain (K1)
/1 SET DEFAULT index = 104
default value = 10

Maximum Heater Power Increase
/I_SET DEFAULT index = 113
default value = 8 (0.23 Amps})

Maximum Heater Power Decrease
/I_SET DEFAULT index =114
default’ value = 8 (0.23 Amps)

Heater Power Control Interval
/I SET DEFAULT index = 101
default value = 1200 ( seconds )

Calculate the average of the specified number of previous values of H12 CUR,
If FPE Operational Power is on, zero the Control Interval Counter and EXIT
- Ths serves to hold last value of FPA Radiator power during data collection
- The counter is zeroed to give the other loops in the system time to settle before the first
correction is applied when FPE Operational Power is turned off
If the Control Interval has elapsed:
- Calculate the error signal, u(t)
- Compute the control, y(t) = y(t-1) + { KP*u(t) - KP*u(t-1) + KI*u(t) )/10
- Limit the control so as not to exceed maximum delta
If y(t)>y(t-1) and (y(t)-y(t-1)} > max increase then y(t)=y(t-1)+max increase
If y(t)<y(t-1) and (¥(t-1)-¥(t)) > max decrease then y{t)=y(1-1)+max decrease
- Limit the control so as not to exceed bounds of digital to thermal converter
- Update error and control shift registers for next time

BACKUP MODES

Mode 0: Automatic control of H7-H11 is disabled.
Mode 1: H7-H11 are controlled with a software thermostat
Parameters:
H7-H11 turn-on threshold
/1_SET DEFAULT index = 19
default value = 145 ( -74.2 deg C)
H7-H11 turn-off threshold
/I_SET DEFAULT index = 18
default value = 140 ( -73.0 deg C)
Action:

If T34 1s greater than H7-H11 turn-off threshold. all heaters are turned off
If T34 is less than H7-H11 turn-on threshold, all heaters are turned on

30



Mode 2:

Parameters:

Action:

H7-H11 are used as a thermal-to-digital converter and are controlled with the output of a
proportional plus integral control loop with T34 as the control variable.

T34 Temperature Setpoint
/I_SET DEFAULT index = 20
default value = 90 { -60.04 deg C)

Temperature Control Proportional Gain (KP)
/Al SET_DEFAULT index = 21
default value = 10

Temperature Control Integral Gain (KI)
/I SET DEFAULT index =22
default value = ¢

Temperature Control Interval
/I_SET_DEFAULT index = 99
default value = 60 ( seconds )

If the Control Interval has elapsed:

194

- Calculate the error signal, u(t) (the difference between T34 and the setpoint).
- Compute the control:
y(t) = y(t-1) + ( KP*u(t) — KP*u(t-1) + KI*u(t) )/ 10
- Limit the control so as not to exceed bounds of the digital to thermal converter
- Update error and control shift registers for next control interval

Temperature Control System Operation - STANDBY MODE

A block diagram of the ALI FPA temperature control system while the ALI is in idle mode (FPE
operational power off) is shown in Figure 36. In this mode, the FPE regulates power to the FPA rail heater
according to the difference between the FPA temperature and FPA temperature setpoint. If the FPA is too
cold, power is applied to the FPA rail heater. Correspondingly, if the FPA is too warm, power to the FPA
rail heater is removed. In a similar manner, power to the ALI TCS H12 heater is regulated according to the
difference between the FPA rail heater power and FPA rail heater power setpoint. Finally, the ALI TCS
FPA radiator heaters H7-11 are regulated based on the difference between the H12 current and H12 current
setpoint. Monitoring and control of these loops are autonomousiy provided by ALICE.
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CONDUCTOR FPA
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Figure 36 ALI thermal control loop when the instrument is in idle mode. In this mode the foca! plane array operational
power is turned off and the FPE feedback loop is enabled.

295  Temperature Control System Operation - DATA TAKING MODE

A block diagram of the ALI FPA temperature control system during data collection is shown in Figure 37.
A feature of the thermal control system implemented in the FPE is that when FPE Operational Power is
turned on, the FPA Temperature loop is effectively disabled because the feedback signal is corrupted by
notse generated in the FPE. It is assumed that this comes about because the DT570 diode temperature
sensor rectifies AC noise and a large offset is imposed on the signal. The FPE thermal control system
reacts by reducing the FPA Rail Heater to zero. In order to overcome this, the ALI TCS holds the last
value of H12 current command as well as the last H7-H11 commands when the ALICE enables FPE
operational power. The heat lost by disabling the FPE temperature loop is replaced by electronic
dissipation in the FPA resulting from the operation of the SCAs. The FPA Rail Heater Setpoint (0.4 Watts)
was chosen so that the power provided to the FPA would remain constant during data collection and during
FPE thermal control.
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Figure 37. ALl thermal control loop when the ALI is in data collection mode. In this mode the focal plane operational
power is on and FPE feedback loop is defeated.

2.9.6 Temperature Control System Commands

There are a number of commands that can be issued to alter the performance of the ALI TCS.

Command Parameter 1 Parameter 2 Parameter 3
A_TCS_AUTO_CTRL_MODE hl_h2_mode  h7_hll_mode  hl2 mode
This command changes the control modes (described above) of the various loops to the value specified. If
a mode change for a particular loop is commanded, the heater(s) associated with that loop are turned off
and any associated state variables are initialized to zero. Note that upon startup (or when automatic control
1s enabled with */I_SET_TCS_MODE 17), the default modes are as follows:

H1-H2: mode 4, control truss Delta-T thermostatically

H7-H11: mode 3, regulate H12 CUR

H12: mode 4, regulate HTRAM (HTRBM)
The corresponding /I_SET DEFAULT parameter indices are as follows:

HI-H2: index =9

H7-H11: index = 10

H12: index = 11

Command Parameter 1 Parameter 2

M_SET_DEFAULT parameter_index value

This command allows the user to change the various parameters of the ALl TCS. Below is summary of
TCS commandable parameters:
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H1-H2 startup mode
/1_SET_DEFAULT index = 9. value = 4

H7-H1startup mode
A_SET_DEFAULT index = 10, value = 3

H12 startup mode
/I_SET_DEFAULT index = 11, mode =4

HI tum-on threshold {mode 1, 3)
A_SET_DEFAULT index = 13, value = 162

H1 turn-off threshold (mode 1, 3)
/I_SET_DEFAULT index = 12, value = 185

H2 tum-on threshold (mode 2, 3)
/1 SET_DEFAULT index = 15, value = 162

H?2 turn-off threshold {mode 2, 3)
/1_SET_DEFAULT index = 14, value = 185

Delta-T turn-on threshold (mode 4)
/I_SET DEFAULT index = 16, value = 18

Delta-T turn-off threshold (mode 4)
/I_SET_DEFAULT index = 17, value = 9

H7-H11 turn-on threshold (mode 1)
/I_SET_DEFAULT index = 19, value = 145

H7-HI11 turn-off threshold (mode 1)
/1 SET DEFAULT index = 18, value = 140

T34 Temperature Setpoint (H7-H11 mode 2)
/1_SET DEFAULT index = 20, value = 90

Temperature Control Proportional Gain (H7-H11 mode 2)
/I_SET_DEFAULT index =21, value = 10

Temperature Control Integral Gain (H7-H11 mode 2)
/I_SET _DEFAULT index = 22, value = 0

Temperature Control Interval (H7-H11 mode 2)
/1 SET DEFAULT index = 99, value = 60

H12 CUR Moving Average Count (H7-H1! mode 3)
/I_SET DEFAULT index = 106, value = 10

H12_CUR Current Setpoint (H7-H11 mode 3)
/I_SET_DEFAULT index = 102, value = 139

H12 Power Control Proportional Gain (H7-H11 mode 3)
/I_SET_DEFAULT index = 103, value = 10

H12 Power Control Integral Gain (H7-H11 mode 3)
/I_SET_DEFAULT index = 104, value = 10
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Maximum Heater Power Increase (H7-H11 mode 3)
A_SET_DEFAULT index = 113, value = §

Maximum Heater Power Decrease (H7-H11 mode 3)
/I_SET_DEFAULT index = 114, value = §

Hcater Power Control Interval {(H7-H11 mode 3)
/I_SET_DEFAULT index = 101, value = 1200

H12 turn-on threshold (H12 mode 1)
/I_SET_DEFAULT index = 24, value = 60

H12 turn-off threshold (H12 mode 1)
/I_SET_DEFAULT index = 23, value = 52

T19 Temperature Setpoint {(H12 mode 2)
/1_SET_DEFAULT index = 25, value = 56

Temperature Contrel Proportional Gain (H12 mode 2)
/1_SET_DEFAULT index = 26, value = 100

Temperature Control Integral Gain (H12 mode 2)
/I_SET_DEFAULT index = 27, value = 10

HTRAM (HTRBM) Setpoint (H12 mode 3, 4)
/I SET_DEFAULT index = 28, value = 78

Heater Power Control Proportional Gain (H12 mode 3, 4)
/I_SET_DEFAULT index = 29, value = 100

Heater Power Control Integral Gain (H12 mode 3, 4)
/1_SET_DEFAULT index = 30, value = 10

Heater Power Control Interval (H12 mode 3, 4)
/I SET DEFAULT index = 100, value = 5
Command Parameter
/I_ENA_HTR_BANKS bank_mask

This command enables/disables each of the four heater banks. If the corresponding bit of bank_mask is set
the bank is enabled If cleared, the bank is disabled.

Bit 0 of bank_mask: Heater Bank 1
Bit 1 of bank_mask: Heater Bank 2
Bit 2 of bank_mask: Heater Bank 3
Bit 3 of bank mask: Heater Bank 4

H1 and H2 are located in Heater Bank 1
Heater Bark 2 is an unused spare
H7-H11 are located in Heater Bank 3
H12 is located in Heater Bank 4

Upon restart, Heater Banks 1, 3 and 4 are enabled.
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Command Parameter
/A_SET_TCS_MODE mode
This command globally enables/disables the ALI TCS.

If mode = 0, TCS 1s disabled (manual control enabled)
If mode =1, TCS 1s enabled

When changing from automatic mode to manual mode or vice versa, all heaters are turned off. Note that
thts command has no effect on SBRS’ thermal control system, which is tumed on/off by enabling/disabling
the FPE Thermal buses.

Upon restart, the ALI TCS is enabled.
Command Parameter Parameter
/1_MAN HTR_CTRL htr_mask h12_command

This command allows manipulation of each individual heater in the ALI TCS. If the corresponding bit of
htr_mask is set the heater is turned on. If cleared, the heater is turned off.

Bit 0 of htr_mask: H1
Bit 1 of htr_mask: H2
Bit 2 of htr_mask: spare
Bit 3 of hir_mask: spare
Bit 4 of hir_mask: spare
Bit 5 of htr_mask: spare
Bit 6 of htr_mask: H7
Bit 7 of htr_mask: H&
Bit 8 of htr_mask: H9
Bit 9 of htr_mask: H10
Bit 10 of htr_mask: H11

Note that h12 command is transnutted directly to the D/A converter as a current command. This command
is ignored if the ALI TCS 13 enabled.
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3. INSTRUMENT ASSEMBLY AND ENGINEERING TEST RESULTS

The flight telescope was delivered by SSG to MIT Lincoln Laboratory in April 1998. The Focal Plane
System was delivered by SBRS in June 1998. ALI sub-systems were assembled, integrated, and tested
over a 9-month period in preparation for delivery to the spacecraft integrator (Swales Aerospace) in March
1999. The integration and assembly followed a set of NASA processes specially tailored for the program
quality control, documentation, and cleanliness of space-qualified components and sub-systems. During
this time period testing was undertaken for subsystem alignment, for space flight qualification, and for
performance measurement.

3.1 THERMAL AND MECHANICAL TESTING

A number of successful tests were conducted to establish the qualification of the ALI for launch and space
operation. Table 2 summarizes these tests.

TABLE 2

Thermal and Mechanical Tests During Development

Test Test Conditions

Sine burst acceleration along each axis

« ALl Structural Thermal Model +«  Qualification
e  Flight units box level e Protoflight’
Sine sweep

ot
»  Flight units box level = Protoflight
« ALl flight unit »  Protofight’

Random vibration along each axis

+  Flight units box level . Proloﬂighti
» ALl Flight Unit +  Protoflight

Note: Acceleration spectrum was notched as
necessary to insure 3 o acceleration loads did not
exceed Qualification Level ioads at any frequency for
non-electronics box level testing.

Mechanism Life Testing . L

1.5 times design life

«  Mechanism's Engineering Development Unit Aperture Selector and Calibration Diffuser: 240 cycles
Aperture Cover: 3900 cycles

Survive 50°C to -10°C thermal cycle before and after

test

Thermal Cycle Testing
y 50°C to —-30°C survival hot-to-cold soak cycie

e AL} Flight Unit Four thermal cycles 40°C to —10°C
Checked operation before, during, and after each
cycle.
Quatification levels = 1.5 x flight levels (2 oct/minute} IPrc:toﬂight levels = flight level + 3 dB (1 minute/axis)

tF’rotoﬂight levels = 1.25 x flight leveis (4 oct/minute)
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To facilitate testing, an ALI Structural Thermal Model (STM) and an Engineering Development Unit
{(EDU) of the ALICE and mechanisms were developed during the course of fabrication and assembly of the
instrument. The STM was subjected to qualification level testing, while flight box and instrument level
testing was restricted to protoflight levels.

After being fully assembled, the ALI also underwent thermal vacuum testing to 1) validate the ALI thermal
mode! and 2) demonstrate survivability of the instrument within an environment more severe than expected
on orbit. This testing was conducted at Lincoln Laboratory and included thermal soaking and thermal
cycling while under vacuum. Figure 38 shows the instrument being placed into the thermal vacuum test
chamber. Figure 39 provides a summary of ALl thermal vacuum testing, compared to on-orbit
expectations. Testing at Lincoln Laboratory is included in the ALI [&T region.

Figure 38. ALI being placed into thermal-vacuum test chamber.
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Figure 39. ALI thermal vacuum testing temperature ranges.
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4. ALICALIBRATION

The calibration and characterization plan for the ALI has both pre-launch and in-flight components”'*. The
objectives are to characterize the overall instrument performance and to determine all instrument
parameters required to generate accurate estimates of spatial, spectral and radiometric image quantities. The
ALI performance requirements were guided by the Landsat 7 specification’ and were generated in concert
with Landsat, EOS and EO-1 calibration scientists. The requirements were also constrained by the primary
NMP mission objective, which is the validation of key technologies in flight. The instrument performance
and verification tests included: measurements of noise, repeatability, polarization dependencies,
temperature transient response, saturation recovery, image artifacts, and stray light rejection. The overall
strategy 1s illustrated in Figure 40.

Pre Launch Post Launch
*Component Tests and Analysis - v *Internal Source
*Subsystem Measurements Pt =Solar Calibration
-System Level Measurements T +Lunar Scans
*Internal Source e +Earth Scenes

\ 4 \ 4

«Calibration Parameters
*Performance Assessment

v
| Calibration Pipeline |<——‘ Earth Scenes

v
| Calibrated Data to Scientists I

Figure 40. The EO-1 ALI pre-launch and post-launch calibration sirategy.
The sensor calibration data comprise five measurement categories and are established for each detector
channel (N). These are:

a) Normalized spectral response function: Fy (A)

This function represents the relative response of a detector channel to a constant monochromatic radiance
(W/em® . st « um) at the entrance aperture of the sensor as a function of wavelength. The function is

normalized to unity at the peak. These functions define the in-band radiance L', at the entrance of the
Sensor:

L= J. LOVFN(A)dA |, where [(A) is the spectral radiance at the entrance of the sensor.

b) Pixel angular position in object space: (o, B
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Each detector will respond to the radiance from different angular directions. This direction is determined
both by the location of the detector in the focal plane of the telescope and the distortion from the optical
system. Undistorted reconstruction of the scene requires accurate knowledge of the relative angular
position of each detector in object space. These are measured relative to an arbitrary bore-sight direction.

c} Modulation transfer function: MTF

The MTF for each detector channel is a two dimensional function of spatial frequency. It represents the
magnitude of the Fourier transform of the detector channel’s system response versus angle to a point
source. The MTT is a measure of image sharpness and is used in quantitative image reconstruction.

d) Zero signal digital number offset: dn,,

This is the digital number offset that each detector channel has when there is no input radiance. These
offsets remain fairly constant, however they are measured for every data collection event to improve
accuracy.

¢) Response coefficient: Ci,

These convert raw digital numbers (dn} to estimates of in-band radiance (L"), 1.e. L', = Cy {dn - dn,).
Although Cy is approximately constant over the full dynamic range it is in general a weak function of {dn -
dn,}. This is accounted for in the calibration process. Each detector channel has 16 functional
representations for Cy, one for each integration time.

These five calibration “parameters “are built up from all the pre and post launch measurements. A summary
of this process, including the relative weight of each measurement, is shown in Table 3. Note that there is at
least one primary measurement for each of the five “parameters” and that for the spectral response
functions there is no on-orbit measurement of significant value.

TABLE 3

ALl Calibration Matrix
Primary measurements are denoted by solid circles and secondary measurements by
open circles. A dash indicates that no data of any significant value is obtained.

Spectral Zero Pixel |Modulation

Response gg:#&?::t Signal | Angutlar| Transfer

Function Offset | Position| Function
Component Tests ® '®) _ _ O

and Analysis

Subsystem Tests:
Telescope and MS/Pan

Instrument-Level .
Laboratory Tests

@)

O O
o o

On-Orbit Measurements:
Solar Diffuser —

OO0l @ |@|O
Ol @| @)

l I
OO I |

Closed Aperture —
Internal Source —
Lunar Scans —
Earth Scenes —

|
O
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4.1 PRE-LAUNCH CALIBRATION AND CHARACTERIZATION STRATEGY

The pre-launch component, which is essentially completed, began with testing and analysis at the
component level. This process continued through subsystem and system level testing. The objective was to
generate initial estimates of the sensor’s spatial, spectral, and radiometric characteristics and then track the
performance throughout the development phases of the instrument. This provided an early indication of any
test setup errors, analysis errors, or performance anomalies. Moreover, since this process employed a
number of independent and complementary calibration methods, consistency in projected performance
increased the confidence of the final calibration parameters. Pre-launch testing and calibration were
conducted under mission-like conditions including appropriate environmental conditions, and the fuil range
of signal levels, wavelengths and spatial frequencies. The internal reference source was used throughout
ground testing as a health check and to measure stability of performance. This was especially useful during
environmental testing as a means of verifying satisfactory performance. Some measure of absolute
radiometry is established for the internal reference source by transfer to the integrating sphere calibration,
The design of the internal source is described in Section 2.3.

4.2  IN-FLIGHT CALIBRATION STRATEGY

The post-launch calibration will begin with internal source measurements. This is the only direct link to the
pre-launch calibration and establishes continuity of performance from ground to space. The on-orbit
absolute calibration relies primarily on solar calibration. For solar calibration there is motor-driven aperture
selector in the aperture cover assembly itself. The aperture selector moves an opaque slide over a row of
smail to increasingly larger slit openings and then reverses the slide motion to block all light. Just prior to
solar calibration, a Spectralon diffuser plate is swung over the secondary mirror by a motor-driven
mechanism. The diffuser reflectively scatters the sunlight that would otherwise impinge on the secondary.
During solar calibration the reflectively scattered sunlight exposes the FPA to an irradiance that is
equivalent to earth-reflected sunlight for an earth albedo ranging from O to 90%. This is illustrated in
Figure 41. Lunar scans are planned and will be used as a measure of mmage quality and radiometric
accuracy. Finally, well-characterized ground scenes will be used for both image quality assessment and
radiometry. The on-orbit calibration plan is intended to contain adequate capabilities for cross checks and
diagnostic tests.
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Figure 41. Illustration of the solar calibration mode and detector data from the laboratory functional test using a solar
simulator.
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Finally, the ALI will produce images that will be directly compared to those from the ETM+. The goal is
to demonstrate that the ALI technology will provide data continuity with previous and current Landsat data.
The EO-1 satellite will fly “in formation” with the Landsat 7 satellite in a sun-synchronous, 705 km,
approximately 100 minute period orbit with a 10:01 am descending node. That is, it will be in an orbit that
covers the same ground track as Landsat 7, approximately one minute later. The objective is to obtain
images of the same ground areas at nearly the same time, so that scenes may be directiy compared. It is
planned that two to four scenes per day will be collected. Accordingly, the basic field of view, angular
resolution, and spectral bands are matched to be as good or better than those of the ETM+.
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5. CALIBRATION PIPELINE

The ALI raw science data collected on orbit is downlinked and sent to Goddard Space Flight Center where
it 1s converted to radiometrically calibrated data with engineering units of Wem™sr' by the calibration
pipeline'”. This section addresses the design and implementation of the pipeline, the initialization of the
calibration database, the monitoring of system stability and handling of leaky pixel data anomalies by the
software.

5.1 BACKGROUND

The ALI raw science data is downlinked, descrambled and arranged in imageable, band sequential order.
This set of digital numbers. or raw sensor counts C,, collected on orbit is referred to as the Level O science
data. The radiometric calibration pipeline converts the Level 0 science data to the estimated in-band
radiance L, with engineering units of Wemsr”'. This radiometriczally calibrated data is referred to as the
Level 1R science data, The simple equation defining the transform is:

L.JL = Rn(Cn"Co)

where C is the offset coefficient derived from the dark noise, and R, 1s the response coefficient from the
caltbration database defining the relationship between the digital numbers and the estimated in-band
radiance. The database of radiometric calibration response coefficients is derived from seven sources of
radiometric calibration data. These seven sources are laboratory ground data, solar calibration data, Junar
calibration data, deep space data, internal reference lamps, dark data. and flights over areas of known
radiance. The main source for generating the coefficient database prior to launch is the laboratory ground
calibration data.

During a typical on orbit data collection event (DCE), up to 30 seconds of science data are collected,
followed by 8 seconds of internal reference lamp data, and two seconds of dark data. These three sources
of data form three datasets in a single Level O file. This file is the input to the radiometric calibration
pipeline. The general software flow diagram is shown in Figure 42. The output of the calibration pipeline
1s a processing log and a single Level 1R file with three datasets corresponding to the radiometrically
calibrated science data, the associated offset coefficients C,, and the associated response coefficients R,,.
The processing log contains wamings and general processing notes generated by the error checking
functions or by the main calibration routine.

Calculate Apply . .
Input Fite: — Dark Offset P Ca]il}:faiion ﬂiﬁ-a-m—b % Otrpm]l:lll]:'
Level 0 Coefficicnts o Coeflicients | eve
Sola Offset coeff
Dark Data F Y L. Response coeff
[nt. Cal. Trend Calibration
Internal »Logs R ——» Data Error Loa
Cal Lamp Ca N Check 088
4 :
1 : {
Baseline Backup Response Expecied
[nternal Cal Dark Offset Coefficients Solar Cal
Lamp Resp. Coefficients Response
Calibration Database

Figure 42. Calibration pipeline software flow diagram.
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The calibration pipeline depends heavily on the calibration database, which contains four datasets. The
most important dataset is the set of calibration response coefficients R,, which are used regularly for the
primary calibration. The other datasets within the calibration pipeline database are a default set of offset
coefficients, a baseline internal reference lamp dataset, and an expected solar response dataset. The offset
coefficients, C, are generally computed for each DCE from the dark data included in the Level 0 file.
However. if for some reason dark data is not available for a single DCE or all DCEs, e.g., the instrument
cover no longer closes, a set of default offset coefficients exists in the database. The internal reference
lamp dataset that is collected along with each DCE is compared to the baseline internal reference lamp
dataset. Any significant change in response is noted in the calibration pipeline’s processing log, and serves
as a flag for detecting changes in the instrument. The expected solar calibration response dataset is used in
a sitular manner. The data collected during an on orbit solar calibration DCE will be radiometrically
corrected using the calibration pipeline’s offset and response coefficients. The expected radiometric solar
responsc 1s compared to the measured response with any significant variation noted in the calibration
pipeline’s processing log.

5.2 INPUT/OUTPUT

The radiometric calibration pipeline 1s a stand alone, deliverable, software routine that receives Level 0
data as an input, performs the calibration, and outputs the Level 1R radiometrically calibrated data. Both
the Level 0 data and the Level IR data are available to various science teams performing data analysis in a
distributed environment. Given the distributed work environment, the Hierarchical Data Format (HDF),
created by the National Center for Supercomputing Applications (NCSA), was chosen for the file formats.
HDF is self-descnibing, platform independent, and has supporting software for retrieval, storage, and
visualization of the data, which makes the data easily readable by the distributed science teams.

In addition to containing the basic science data. the Level 0 and Levei 1R data files also contain most of the
ancillary data needed for the basic science data processing. This ancillary data is stored in HDF fields
called attributes. Each single Level 0 or Level 1R data file contains multiple datasets. Each file has a set of
file attributes pertaining to that datafile and all of its datasets, ¢.g., file name, time of generation, and names
of related files. Fach dataset also has attributes with data parameters specific to that dataset, e.g., sensor
used, dataset type, dimensions of dataset, integration time and frame rate. By using HDF and putting all of
this information in a single, self-describing, platform independent file, any science team member is able to
begin processing the data without further file format documentation. See Figure 43 for a depiction of a
Level 0 file and content.

File Attributes

Filename Big or Little Endian Related File 1

Data Product Level Time of Generation Related File 2

LZP Software version Number Related Files
Dataset 1: Dataset 2: Dataset 3:
Science Data Dark Data Internal Lamp Data
Science Data Attrs | Dark Data Attrs Int. Lamp Data Attrs
ALl Sensor ALl Sensor ALl Sensor
Dataset Type Dataset Type Dataset Type
Data Start Time # along track pixels integration Time
Percent Missing Data | # bands Frame Rate

Figure 43. Sample HDF Level 0 file contents and structure.
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53 CALIBRATION PIPELINE DATABASE

The radiometric calibration pipeline database is also an HDF file with multiple datasets. The primary
dataset contains the response coefficients, with additional datasets for the default offset coeffictents, the
basehine internal reference lamp response, and the expected solar calibration response. A typical database
HDF file attribute is when the database was generated. Database dataset HDF atiributes include the time
when the baseline internal reference lamp data was acquired, what files are the source of the default offset
coefficients, and when the most recent on-orbit solar calibration data was acquired.

The main source of data for generating the calibration database prior to Jaunch is the ground calibration
data collected in the laboratory. For initializing the calibration response coefficient database, a total of 440
useable datasets were collected in the laboratory. The datasets include 96 xenon lamp datasets for
calibrating the three shortest wavelength VNIR bands (MS 1°, MS 1, and MS 2) and 344 halogen lamp
datasets for the remaining VNIR (MS 3 MS 4, and MS 4’y and SWIR (MS 5°, MS 5, and MS 7.) Twelve
different radiance levels were used, with the output of each level being monitored and recorded by a
spectroradiometer. Three hundred and twelve of the datasets were recorded with the focal plane at the
nominal operating temperature of 220 degree Kelvin, 64 datasets at 215 degree Kelvin. and 64 datasets at
225 degree Kelvin. The fourth variable was the integration time. The ALI integration times vary from 0 to
15, which correspond to 0.8]1 ms to 4.86 ms in steps of 0.27 ms. An integration time of 12 resulted in
saturation for most bands at some radiance levels which completely exercised the full dynamic range of the
focal plane.

54  MONITORING SYSTEM STABILITY

The radiometric calibration pipeline includes a function for monitoring the ALI stability using internal
reference lamp data that will be collected on a regular basis. The internal reference lamp data was
baselined prior to launch and will be trended over the course of the mission. The calibration pipeline will
compare each new set of internal reference data to the baseline. If there is significant variation, a warning
will be included in the calibration pipeline processing logs. The importance of the internal reference lamp
data to the radiometric calibration pipeline is not for absolute radiometric calibration but for stability
monitoring and overall performance assessment of the system,

Additionally the mean and standard deviation of the dark data, which is collected with every DCE, is
continuously being calculated when determining the offset coefficients C,. These numbers have been
monitored throughout the I&T process, and will continue to be monitored on orbit 1o assure the system
hasn’t changed.

55 LEAKY PIXEL ANOMALIES

During ground performance assessment of the system as a whole, two focal plane anomalies were
discovered after application of the radiometric calibration pipeline. Leaky pixels were found on SCA 3,
Band 3, detector/pixel 225 and on SCA 4, Band 2, detector/pixel 190. The focal plane electronics of the
ALI are such that all even numbered detectors on a single SCA share a gate, and all odd numbered
detectors share a gate. So an odd numbered leaky pixel such as pixel 225 manifests itself by leaking energy
into all other odd numbered detectors or pixels on that band on that SCA and artificially raising the counts,
C, seen on those detectors. Figure 44 is from the integration and test (I&T) imaging configuration using
the Air Force image test reticle. The effect of Pixel 225 being illuminated and leaking into the other odd-
numbered pixels is visible to the eye.
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Figure 44. Effect of leaky pixel.

Ideally, the leaky pixel could be completely characterized during ground calibration by masking the leaky
pixel, performing the radiometric calibration of all other detectors when unaffected by the leaker, then
unmasking the leaky pixel and repeating the process. The effect of the leaky pixel on each detector would
be precisely known. Unfortunately, the I&T imaging configuration which is necessary for masking of
pixels and scanning of knife edges, does not support use of the halogen lamps and integrating sphere used
in the radiometric calibration process which exercises the full dynamic range of the focal plane. The
laboratory I&T imaging configuration does allow for limited dynamic range data collection. This data can
be used to estimate the appropriate compensation for the leaky pixel and extrapolated to the higher
radiances, and hopefully more finely adjusted after additional data is collected on orbit. The following
discussion focuses on pixel 225 on SCA 3, Band 3, but also applies to pixel 190 on SCA 4, Band 2.

Given the limited available data, the first assumption made is that the leaky pixel, pixel 225, can be
calibrated the same as all other normal pixels, thereby allowing us to determine L,, the radiance on the
leaker. The second assumption made is that the effect of the leaky pixel can be described by a linear
equation. This equation describes the digital number or counts measured on pixel n, C,, as a function of the
radiance on pixel n, L,, plus a percentage 3, of the radiance measured on the leaky pixel, L;. The equation
1s written as:

Cn :anLn +ﬁnL.’ (1)
The notation defined in Table 4 is used in the following discussion. The first subscript to C denotes

whether a pixel n is illuminated or dark, and the second subscript denotes whether the leaky pixel / is
iluminated or dark. I is illuminated and Z is dark. Therefore:

TABLE 4
Notation For Counts on Detector n
Notation Pixel n Pixel |
Ci llluminated lllurninated
Cz Hluminated Dark
Cz, Dark Iluminated
Czz Dark Dark
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The other assumptions made are that L, and L, are either 0, or illuminated at a constant radiance of the
same value. And since all processed data has been offset corrected, Cz» is considered to be 0. Given the
above notations and assumptions, the equations are:

if

L =0

then

C,=«alL, (2)
Cr.=a,lL,

C,,=a,L, =0

Essentially, if the leaker is not illuminated, the counts on pixel n are purely a function of the radiance on
pixel n and its radiometric coefficient, a,,. If the leaker is illuminated. the following equations apply:

Cf" = anLn + ﬁnLl

Cu = CIZ + ﬁan (3)

p =t
Lt

and

CZ.:' :anl‘n +ﬁnL1‘
Cz: = sz +ﬂnL.' 4)
CZf _sz

B, = L

Essentially, the coefficient 3, describing the amount of energy leaking from pixel 1 to pixel n can be
estimated by determining the difference in counts with and without the leaky pixel illuminated, divided by
the radiance on the leaky pixel.

Data was collected with the 1&T imaging configuration for the above 4 cases: pixel 225 dark, remaining
pixels illuminated; pixel 225 illuminated, remaining pixels dark; all pixels illuminated: and all pixels dark.
Given these four datasets, Bn can be estimated with both equations (4) and (5). Results from these
calculations agree to within 10% of each other. The difference in the estimates of B, indicates the amount
of energy leaked from pixel 225 into the other pixels is not only a function of the radiance on pixel 225, but
also a function of the radiance on the individual pixels. Initial analysis shows the higher the radiance on
prxel n, the lesser the impact of leaky pixel 225 on the measured counts C,.

The first order linear approximation for Bn can be used initially for the radiometric calibration, with
attempts to more accurately determine the best correction after receiving more data collected on orbit
(Figure 45).
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Figure 45. Affect of applying leaky pixel correction factor f3, @) Without correction. b} With correction.

56 GEOMETRICAL IMAGE RECONSTRUCTION

The level 1R data will provide fours segments of the scene recorded by the ALIL corresponding to the four
SCAs of the Focal Plane Assembly. In order to create the entire image, the fours segments must be merged
together, taking into account the relative position of the SCAs within the module, the relative positions of
each pixel within each SCA and the partial overlapping of pixel columns of adjacent SCAs. This process
constitutes the Geometrical Image Reconstruction, a necessary processing step that is not part of the
Calibration Pipeline,
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6. COMMANDING THE ALl

The ALI has 37 basic commands. Each of these commands is uploaded to the spacecraft via the S-band
transmitter to the Mongoose-V processor. The MV routes these commands to the ALICE RSN board viza
the 1773 fiber optic bus (see Section 2.8.5). The ASIST /_PROCESS_STAT window (Figure 49) displays
various telemetry points that describe the status of the RSN: spacecraft time — indicating communication
between the ALICE RSN and MV is operational, number of 1773 commands received since the last restart,
number of 1773 retries, number of restarts since last power-up, and the functional code of the last command
sent to the ALICE. Other pages of interest include the /_ STORED CMD and ] CMD LOG.

A description of each command, its functional code, related parameters. and the actions these commands
produce are listed below.

6.1 COMMANDS

6.1.1 I NOOP

No operation is initiated.

*  Function code: 00h
=  Parameters: none

=  Actions: none

*  Error codes: none

6.1.2 /1_DIAGMODE

Sets ALICE diagnostics mode.

*  Function code: 01h
*  Parameters:
- diag_mask
# 0= disable diagnostic packets

» 1= Dump Control Block

# 2= Dump Command Log

# 3= Dump Stored Command Queue

» 4= Dump Aperture Selector Resolver buffer (during extension)

# 5= Dump Aperture Selector Resolver buffer (during retraction)
*  Actions:
- Updates control block
# c¢b.diag_mode
=  Error codes:
- Bad parameter -- error code = 5

7 command ignored

6.1.3  /I_RST28VTRIPS

Resets specific +28 V protection circuit.

=  Functuon Code: 02h
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6.1.4

Parameters:

circuit

7 bit 0: HOPA trip circuit

#  bit 1: Heater Bank 1 trip circuit
= bit 2: Heater Bank 2 trip circuit
#  bit 3: Heater Bank 3 trip circuit
#  bit 4: Heater Bank 4 trip circuit
# bt 5: Motor Power trip circuit
»  bit 6: FPE Power trip circuit |

»~ bit 7: FPE Power trip circuit 2

Actions:

Clears, then sets, specified bits in MTCE_REG_2[0:5]

Sets, then clears, specified bits in MTCE_REG_2[6:7]

> Note that FPE control bits are inverted. so actions are reversed
Updates cb.trip_ckt_ena_status

Sets selected elements of cb.trip state[:]10 0

Error codes: none

/I_DSBL28VTRIPS

Disables specific +28 V protection circuits.

6.1.5

Function Code; 03h

Parameters:

- circuit
7 bit 0: HOPA trip circuit
#  bit 1: Heater Bank I trip circuit
> bit 2; Heater Bank 2 trip circuit
»  bit 3: Heater Bank 3 trip circuit
»  bit 4: Heater Bank 4 trip circuit
»  bit 5: Motor Power trip circuit
#  bit 6: FPE Power trip circuit 1
#  bit 7: FPE Power trip circuit 2

Actions:

Clears specified bits in MTCE_REG 2[0:5]

Sets specified bits in MTCE REG_2[6:7]

Updates control block

»  Note that FPE control bits are inverted, so actions are reversed
Updates control block

> cb.trip_ckt_ena_status

Error codes: none

/I_ENABLEPOKE

Enable memory poke.

Function Code: 04h

Parameters: none

Actions:

- Updates control block
> cb.poke status

Error codes: none
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6.1.6 /I POKE

Poke specific memory address.

*  Function Code: 05h
®  Parameters:
- address
- value
*  Actions:
- Writes the “value™ to “address™; if writing to EEPROM, sets and resets wait states
appropriately
# Note that EEPROM can be written to only when ALICE is connected to the GSE
box. Otherwise, the EEPROM is write protected
- Disables poke by updating control block
# cb.poke_status
= Error codes:
- Poke not enabled -~ error code = 8
> command ignored

6.1.7 /I_ARMHOPA

Amm specific HOPA circuit.

*  Function Code: 06h
=  Parameters:
- circuit_mask
# bit 0: HOPA circuit 1 --> CAL Launch Latch
bit 1: HOPA circuit 2 --> CAL Fail Safe
bit 2: HOPA circuit 3 > TAC Launch Latch - A
bit 3: HOPA circuit 4 --> TAC Launch Latch - B
bit 4: HOPA circuit 5 --> TAC Fail Safe - A
bit 5: HOPA circuit 6 --> TAC Fail Safe -B

VOV WV YY

*  Actions:
- Updates control block
# c¢b.HOPA_ arm status
- Arms HOPA power by setting MTCE_REG_2[8]
*  Error codes:
- HOPA already armed -- error code =9
# command ignored
- Bad parameter - Number of bits specified in “circuit_mask™ notequal  to one -- error
code =5
# command ignored

6.1.8 /1 FIREHOPA

Fire specific HOPA circuit for specified time period.

»  Function Code: 07h
s Parameters:
- circuit_mask
» bit 0: HOPA circuit 1 --» CAL Launch Latch
# bit 1;: HOPA circuit 2 --> CAL Fail Safe
#  bit 2: HOPA circuit 3 --> TAC Launch Latch - A
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#  bit 3: HOPA circuit 4 --> TAC Launch Latch - B
#  bit 4: HOPA circuit 5 --> TAC Fail Safe - A
> bit 5: HOPA circuit 6 —-> TAC Fail Safe -B
-  DURATION
> if=0, energize HOPA for cb.defaultsl HOPA_FIRE_DURATION INDEX]
# if <> 0, energize HOPA for specified number of seconds
*  Actions:
- Schedules I RESETHOPA command
- Energizes HOPA power by setting bit in MTCE_REG 2[9:14]
- Updates control block
- c¢b.HOPA_fire_status
cb.hs_status
clears HOPA OVERCURRENT bit
clears HOPA_ON TOO LONG bit
clears cb. HOPA on time
*  Error codes:
- FIRE_HOPA_MASK does not match previously specified ARM HOPA_MASK -- error
code=35
#  calls function that implements | RESETHOPA -- rst HOPA_ckts()
- HOPA already being fired -- ertor code = 10
» Command ignored
- HOPA not armed -- error code = 11
¥» Command ighored
- Scheduler error, stored command queue full — error code = 7
» Command ignored

7
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6.1.9 /1 _RESETHOPA

Reset all HOPA circuits.

*  Function Code: 08h
=  Parameters: none
*  Actions: -
- Updates control block
# clears ch HOPA_arm status
# clears cb. HOPA fire_status
- Disarms HOPA power by clearing MTCE_REG_2(8)
- Deenergizes HOPA power by clearing MTCE_REG_2[9:14]
*  Error codes: none

6.1.10 /I_MECHPOWER

Enable mechanism power.

*  Function Code: 09h
*  Parameters: none
= Actions:
- Updates control block
> ch.mech_power
- Enables mechanism power by setting MTCE REG_5[0]
= Error codes: none

54



6.1.11 /1_MECHACTIVE

Activate specific mechanism in specific direction for specific number of steps.

*  Function Code: 0Ah
*  Parameters:
- direction
# if =0, open TAC, extend AS, place CAL
» else, close TAC, retract AS, stow CAL
- mechanism
» 0=TAC,1=CAL 2=AS8
- num_steps
» if =0, number of steps specified by
cb.defaults TAC_MOTOR_STEPS INDEX],
cb.defaults| CAL MOTOR_STEPS INDEX] or
cb.defaults[AS MOTOR_STEPS INDEX]
> if <=0, step the specified number of steps
= Actions:
- Updates control block
~ cb.motor_running
cb.active_motor
cb.motor_direction
cb.motor_steps
cb.motor_rate
cbh.as_index
cb.as_counter
cb.motor_on_time
cb.hs status
- clears MOTOR_OVERTEMP MASK bit
- clears MOTOR_OVERCURRENT MASK bit
- clears MOTOR_ON_TOO_LONG_MASK bit
- Programs and starts Motor Control Task Timer
*  Error Codes:
- Bad parameter, invalid mechanism ID -- error code = 5
» command ignored
- Mechanism power not enabled -- error code = 12
» command ignored
- Motor already active -- error code = 13
»~ command ignored

7
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6.1.12 /I_MECHRESET

Reset all mechanisms.

*  Function Code: 0Bh
=  Parameters: none
=  Actions:
- Disables Motor Control Task Timer
- Updates contro} block
» cb.motor_running
» cb.mech _power
- Disables motor power clearing MTCE_REG _5(0)
- Tums off all motor phases by clearing MTCE REG[1:4], MTCE _REG_5[5:8],
MTCE REG 5[9:12]
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*  Error codes: none

6.1.13 /I _LAMPENABLE

Enable internal lamp power.

*  TFuncton Code: 0Ch
®  Parameters: none
= Actions:
- Updates control block
» cblamp_ena_status
- Enables all flood lamp circuits by clearing ASCE_REG _3[0:5]
» Note that these are active low control signals
=  Error codes: none

6.1.14 /1_LAMPON

Power specific lamp for specific time period.

=  Function Code: ODh
=  Parameters:
- lamp_mask

#  bit 0: MFPA Flood Lamp A
# bit I: MFPA Flood Lamp B
» bit 2: spare
#  bit 3: MFPA Flood Lamp C
» bit4: spare
> Dbit5: spare

- duration

# if <0: Tumn on lamp indefinitely
» if =0: Tumn on lamp for cb.defaults{lLAMP_TIMER_INDEX] seconds
# if > 0: Turn on famp for specified number of seconds
= Actions:
- Schedules I LAMPRESET ( if DURATION >= Q)
- Updates control block
» cb.lamp_ctl status
~ if tuming on lamps when all are off
clears LAMP_OVERCURRENT_MASK in cb. hs_status
clears LAMP_ON_TOO_LONG_MASK in cb.hs_status
mitializes cb.lamp_on_time to zero
- Turns on specified lamps by clearing bits in ASCE_REG _3[8:13)
#  Note that these are active low control signals
*  Error codes:
- Lamp power not enabled -- error code = 14
# Command ignored
- Bad parameter, more than three lamps specified -- error code = 5
» Command ignored
- Scheduler error, stored command queue full -- error code = 7
» Command ignored
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6.1.15 /1_LAMPRESET

Reset all internal lamps.

Function Code: OEh
Parammeters: none
Actions:

Updates control block

» cb.lamp ena_status

» cb.lamp ct] status
Disables lamp power by setting ASCE_REG_3[0:5]
Turns off all lamps by setting ASCE_REG_3(8:13]

Error codes: none

6.1.16 /1_RESETFPE

Reset focal plane electronics.

Function Code: 0Fh
Parameters: none
Actions:

Updates control block

> setscb.fpe_s_to p_array[0:4]) to O

» setsch.ipe p_to_s_array[0:4] to 0

If FPE data gate is on

~ Clears FPE Data Gate by clearing ESN_PORT_A[(]
» updates cb.fpe_data gate

# updates cb.time_data_gate_cleared

Clears FPE Reset line, ESN_PORT_A[1]

# Note that FPE is an active low control signal
Waits for 1 mullisecond

Sets FPE Reset line, ESN_ PORT_AJ1]

Error codes: none

6.1.17 /1_SET_FPE_DG

Sets focal plane electronics data gate for specific time period.

Function Code: 10h
Parameters:

duration

= if <0: Set FPE Data Gate indefinitely

# if =0, Set FPE Data Gate for DEFAULT_FPE_DG DURATION seconds
» if >0, Set FPE Data Gate for specified number of seconds

Actions:

Schedule I CLR_FPE DG (if “duration” >= ()
Updates control block

# cb.ime data_gate set

» cb.fpe_data gate

Sets FPE Data Gate, ESN_PORT_A[0]

Error Codes:

FPE Data Gate already set - error code = 16
# command ignored
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Scheduler error, too many stored commands - error code = 7
» command ignored

6.1.18 /1_CLR FPE_DG

Resets focal plane electronics data gate.

®*  Function Code: 11h
=  Parameters: none
= Actions:

Updates control block

# chb.time_data gate cleared

= cb.fpe data_gate

Clears FPE data gate , ESN_PORT A[(]

=  Error Codes: none

6.1.19 /1_CONFIGFPE

Sends focal plane electronics configuration command.

®*  Function Code: 12k
=  Parameters:

config_command: Hex values as specified in FPE Interface Control Document

»  Oxxx: Null Command

400x, 410x, 500x, 510x: Set PAN Integration Time

420x, 430x, 520x, 530x: Set MS Integration Time

6FFF, 7FFF: Enable Test Pattern

6xxx, 7xxx ( # 6FFF,7FFF): Disable Test Pattern

Exxx, 9xxx: Set Line Rate

C100, D100: Enable MS/PAN Module

C101, D101: Disable MS/PAN Module

Actions:

- Updates control block
> cb.fpe p_to_s_array[:], index depends on “config_command”
» cb.fpe s to_p_amray[:], index depends on “config_command”
» cb.last fpe config c¢md
# chlast fpe_loopback

AL M S (O A S S

- Sends “config_command” to FPE by writing to ESN Parallel-to-Serial converter

hardware register
- Reads loopback from Serial-to-Parallel converter hardware register
Error Codes:
- Date gate is currently set - error code = 17
»# Command Ignored
- Undefined command - error code = 5
» Command Ignored
- Loopback value does not match command value - error code = 18
# Error reported, no comrective measures taken, assume command received

6.1.20 /I_SETFPETHERM

Sets focal plane electronics thermal setpoint.



Function Code: 13h
Parameters:
- sefpoint_mask
= Bit 0: MFPA side A alternate setpoint 1 (225 deg K)
» Bit |: MFPA side A altemate setpoint 2 (215 deg K)
~ Bit 2: MFPA side B alternate setpoint 1 (210 deg K)
#  Bit 3: MFPA side B alternate setpoint 2 (205 deg K)
Actions:
- Updates control block
= cb.fpe_therm sp
- Sets FPE thermal setpoints by writing to ESN_PORT_B[0:3]
Error Codes:
- Date gate is currently set - error code = 19
» Command Ignored

- lllegal combination of bits in mask, { bit 0 and bit 1 ) or { bit 2 and bit 3 )--- error code =

>
#»  Command Ignored

6.1.21 /I_SETFPEPOWER

Sets-up focal plane electronics and thermal control bus power.

Function Code: 14h
Parameters:
- power_mask
»  bit 0: FPE Operational Power
»  bit 1: unused
»  bit 2: FPE Thermal Control Bus A
> bit 3: FPE Thermal Control Bus B
Actions:
- Updates control block
> cb.fpe_pwr_status
= c¢b.hs status
Clears FPE_OVERTEMPERATURE MASK if previcusly unpowered
Clears FPE_OVERCURRENT_MASK if previously unpowered
Clears FPE_ON_TOO_LONG_MASK if turning on FPE operational
Clears FPE_TCS_FAULT_MASK if turning on FPE Thermal Bus
# cb.fpe_on_time -- initializes to zero if turning on operational power
» cb.fpe_offset_mode -- sets to 1 (enables FPE housekeeping offset calculation) if
turning off FPE operational, sets to 0 (disables) if turning off FPE operational
- Schedules /i_RESETFPE for 2 seconds from the time command was executed
- Enables/Disables FPE power as specified by writing to MTCE REG_4[0:3)
Ermror Codes:
- Hlegal combination of bits in mask { bit 2 and bit 3) -- error code = 5
» Command Ignored
- Stored command queue full, cannot schedule /I_RESETFPE -- error code = 7
» Command is executed anyway, error code reported in housekeeping

6.1.22 /1_SET _TCS _MODE

Set thermal control system mode.

Function Code: 15h
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*  Parameters:
- mode
» 0: Manual control
»~ else: Automatic control
= Actions:
- Ifnot changing modes, no action taken
- Tumns off all heaters by clearing MTCE_REG_3[0:10]
- Sets H12 current command to 0 by clearing MTCE REG_0[0:11)
- Updates control block
» cb.heater pwr status
cb.h12 command
cb.therm_ctl_mode
If switching to automatic mode
cb.hl_h2 mode = cb.defaultsfH1_H2 MODE_INDEX]
¢b.h7_hll_mode = cb.defaultsilH7_H11_MODE_INDEX]
cb.h12_mode = cb.defaults[H12_MODE INDEX]
cb.h7_hll_command = 0
cb.last h7? hl11 cmd=0
cb.last_h7_hll error=20
¢b.h7_hll_error=0
cb.tcs_interval 1 =0
cb.h12 command =0
cb.last_ h12 cmd=0
cb.hi2 error=0
cb.Jast h12 error=0
*  Error Codes: none
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6.1.23 /1 ENA_HTR BANKS

Set-up thermal control system heater banks power.

= Function Code: 16h
*  Parameters:
- bank mask
bit O: Heater Bank 1 (HTR1 & HTR2)
bit 1: Heater Bank 2 (spare)
bit 2: Heater Bank 3 (HTR7-HTR11)
bit 3: Heater Bank 4 (HTR12)
- Actions:
*  Updates control block
» cbhir_bank starus
# cb.hs_status
Clears HB1_OVERCURRENT_MASK if enabling Heater Bank 1
Clears HB2_OVERCURRENT MASK if enabling Heater Bank 2
Clears HB3_OVERCURRENT_MASK if enabling Heater Bank 3
Clears HB4_OVERCURRENT MASK if enabling Heater Bank 4
- Enables / Disables heater banks as specified by writing MTCE_REG_3[11:14]
*  Ermor Codes: none

\ A

6.1.24 /1_MAN _HTR_CTRL

Sct-up spectfic thermal contro] system manual heater control parameter.
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Function Code: 17h
Parameters:
htr_mask

Actions:

>

bit 0:10, Heaters 1-11

h12 command

Updates control block

»_’.‘
;

cb.heater_pwr_status
cb.h12 command

Turns on/off heaters by writing HTR._MASK to MTCE_REG_3[0:10]

Sets H12 current command by writing HTR12 CURRENT COMMAND to
MTCE_REG_0[0:11)]

Error Codes:

Not in manual control mode - error code = 20

b

Command ignored

6.1.25 /I_TCS_AUTO_CTRL _MODE

Set thermal control system auto control mode.

Function Code: 18h
Parameters:
Hl _H2 MODE

Actions:

oB LA S0 G =~ 2O TR GO MO 04
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if 0: Disable HTR1 & HTR2

if 1: Disable HTR2, Control HTR1 as thermostat
if 2: Disable HTR1, Control HTR2 as thermostat
if 3: Control HTR1 & HTR2 as thermostats

if 4-7: Control truss A temperature

7 H11_MODE

if 0: Disable HTR7- HTR11

if 1: Thermostatic Control of FPE Radiator Temperature
if 2: Proportional Control of FPE Radiator Temperature
if 3: Proportional Regulation of H12 Current

12_MODE

if 0: Disable HTR12

if 1: Thermostatic Control of MFPA Conductor Bar Temperature
if 2: Proportional Control of MFPA Conductor Bar Temperature
if 3: Proportional Regulation of SBRS FPA Heater Power

if 4: Proportional Regulation of SBRS FPE Heater Power with hold

Updates control block

-

}

-

if changing hl h? mode
cb.hl_h2 mode
cb.heater pwr_status -- turn off h1 and h?
if changing h7_hll_mode
cb.h7 hll mode
cb heater_pwr_status -- turn off h7-h11
cb.h7_hll_command = 0
cb.ast_h7_hll_ emd=0
cb.last_h7_hll error=0
cb.h7 hll error=10
chtcs_interval 1=10
if changing h12 mode
¢b.h12 mode
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¢b.h12_command = 0
cb.last_hl2 emd =0
cb.hl2 error=20
cb.last h12 error=90
- For mode changes. associated heaters are turned off by writing to MTCE_REG 3[0:10],
MTCE_REG 0[0:11}
*  Error Codes:
- Not in automatic control mode - error code = 21
» Command ignored
- H!_H2_MODE >4, H7_Hil_MODE >3, H12_MODE > 4 - bad parameter -- error code
=)
» Command ignored

6.1.26 /1 _EARTH_OBS

Activate Earth observation script.

*  Function Code: 19h
*  Parameters: none
= Actions:
- Calls the function that implements I SET_FPE DG
» “set_fpe data_gate(-1)" -- data gate set indefinitely
- NOTE: commands are scheduled in reverse order, i.e. last command to be executed is
scheduled first
- Schedules I CLR FPE DG
~  execution time = current time + {EO_AT_5 SECS, EO_AT 5 SUBSECS !
- Schedules I SET FPE DG
> execution time = current time + {EQ_AT 4 SECS, EQO_AT 4 _SUBSECS )}
» parameter 1 = -1, indefinitely
- Schedules I MECHACTIVE
»  execution time = current time + {EO_AT_3_SECS, EO_AT 3 SUBSECS !
» parameter 1 =0, open
» parameter 2 = (, select TAC
#  parameter 3 = 0, default number of steps
- Schedules I MECHPOWER
» execution time = current time + {EO_AT_2_SECS, EO AT 2 SUBSECS }
- Schedules 1_CLR FPE DG
> execution time = current time + {EQ_AT_1_SECS, EO AT | SUBSECS }
*  Error Codes:
- Insufficient storage to schedule all commands - error code = 32
#» command ignered
- Data gate already set - error code = 33
#» command ignored

6.1.27 /1_FL_CAL

Activate internal lamp script.

»  Function Code: 1Ah
*  Parameters: none
= Actions:
- Calls the function that implements | LAMPENABLE
» “ena lamp pwr()”



- NOTE: commands are scheduled in reverse order, i.c. last command to be executed is
scheduled first
- Schedules ]_CLR FPE DG
#  execution time = current_time + {FLC AT 6 SECS, FLC AT 6 SUBSECS!
- Schedules ] LAMPRESET
»  execution time = current_time + {FLC_AT 5 SECS. FLC_AT 5 SUBSECS!
- Schedules I LAMPON
»  execution time = current_time + {FLC AT 4 SECS, FLC_AT_4_SUBSECS}
» parameter 1 =FLC_MASK 3
> parameter 2 = -1, indefinitely
- Schedules I_ LAMPON
#  execution time = current_time + {FLC_AT 3 SECS. FLC AT_3 SUBSECS}
# parameter 1 = FLC_MASK 2
# parameter 2 = -1, indefinitely
- Schedules1 SET _FPE DG
» execution time = current_time + {FLC_AT 2 SECS, F LC AT 2 _SUBSECS}
#  parameter 1 = -1, indefinitely
- Schedules I LAMPON
»  execution time = current_time + {FLC_AT 1 SECS, FLC_AT 1 SUBSECS!
» parameter 1 =FLC MASK 1
# parameter 2 = -1, indefinitely
®*  Error Codes:
- Insufficient storage to schedule all commands - error code = 48
» command ignored

6.1.28 /1_SOL_CAL

Activate solar calibration script.

=  Function Code: 1Bh
* Parameters: none
= Actions:

- Call function that implements /I MECHPOWER

> “ena_mech _pwr()”
- NOTE: commands are scheduled in reverse order, i.e. last command to be executed is
scheduled first

- Schedules I MECHACTIVE
execution time = current_time + {SOL_AT 9_SECS, FLC AT 9 SUBSECS!}
parameter 1 = 1, stow CAL plate
parameter 2 = 1, select CAL mechanism
parameter 3 = 0, default number of steps
- Schedules | MECHPOWER

» execution time = current_time + {SOL_AT 8 SECS, FLC_AT & SUBSECS!
- SchedulesI CLR_FPE DG

» execution time = current_time + {SOL_AT 7 SECS, FLC_AT 7_SUBSECS}
- Schedules ] MECHACTIVE
execution time = current_time + {SOL_AT_6_SECS, FLC AT 6 SUBSECS!
parameter 1 = 1, retract AS blocker
parameter 2 = 2, select AS mechanism
parameter 3 = 0, default number of steps
- Schedules ]| MECHPOWER

»  execution time = current_time + {SOL_AT 35 SECS, FLC AT_5_SUBSECS}
- Schedules 1 MECHACTIVE

»  execution time = current_time + {SOL_AT 4_SECS, FLC AT 4 SUBSECS!

V¥ VY

YV VYV
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parameter 1 = 0, extend AS blocker
parameter 2 = 2, select AS mechanism
parameter 3 = 0, default number of steps
- Schedules I MECHPOWER
» execution time = current_time + {SOL_AT 3 SECS, FLC_AT_ 3 SUBSECS)
- Schedules I_SET_FPE DG
# execution time = current_time + {SOL_AT_2 _SECS.FLC AT 2 SUBSECS!
+ parameter 1 = -1, indefinitely
- Schedules I MECHACTIVE
»  execution time = current_time + {SOL AT 1_SECS, FLC AT 1 SUBSECS!}
» parameter T =0, place CAL plate
7 parameter 2 = 1, CAL selected
» parameter 3 = 0, default number of steps
*  Error Codes:
- Insufficient storage to schedule all commands - error code = 64
~ command ignored

YOV oV

6.1.29 /1_SET_DEFAULT

Set specific parameter default value.

*  Function Code: 1Ch
*  Parameters:
- param_index
»  See “Alice Parameter Descriptions”™ for details
- value
#  See “Alice Parameter Descriptions” for details
*  Actions:
- Sets parameter to specified valued
> c¢b.defaults[“param_index”] = “value”
*  Error Codes:
- “param_index” out of range, error code = 5 ( greater than or equal to 120 and less than 0
» command ignored
- “value” out of range, error code = 5 (only for selected parameters, see “Alice Parameter
Descriptions” for details)
» command ignored

6.1.30 /I_FPE_OFFSET MODE

Enable focai plane electronics housekeeping offset calculation.

*  Function Code: 1Dh
*  Parameters:
-  ENABLE
#  0: Disable calculation of FPE Housekeeping offset
# else: Enable calculation of FPE Housekeeping offset
= Actions:
- Updates Control Block
» cb.fpe_offset_mode
*  Error Codes:
- None
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6.1.31 /I_SET_FPE ENA MSPAN

Enable MSPAN module.

Function Code: 1Eh
Parameters:
-  ENABLE
» {: Disable MS/PAN
7 else: Enable MS/PAN
Actions:
- Issues [_CONFIGFPE command
» /1_CONFIGFPE 0xC100 to enable
# /1 CONFIGFPE 0xC101 to disable
Error Codes:

- none, although errors may be generated by subsequent execution of I_CONFIGFPE

6.1.32 /I_SET_FPE_TEST PATTERN

Enable test pattern mode.

Function Code: 1Fh
Parameters:
- ENABLE
# {» Disable Test Pattern
» else: Enable Test Pattern
Actions:
- Issues I CONFIGFPE command
» /T_CONFIGFPE 0x6FFF to enable
» /1_CONFIGFPE 0x6000 to disable
Error Codes:

- none, although errors may be generated by subsequent execution of I CONFIGFPE

6.1.33 /1_SAFE MODE

Activate safe mode script.

Function Code: 21h

Parameters:
- override
¥ (r Mechanism command scheduling is based on LED status
# LEDI1 ==1 or LED2 == 1 schedules CAL commands
¥ LEDI2 == 0 schedules AS commands
» LED7 == 1 schedules TAC commands

# else: Commands are unconditionally scheduled

Actions:

- Clears cb.stored_cmd_count before scheduling mechanism commands

- Calls the function that implements /I_LAMPRESET -- “rst_lamps()”
# NOTE: commands are scheduled in reverse order. i.e. last command to be executed
1s scheduled first

- Schedules ]| MECHACTIVE
» execution time = current_time + {SAF_AT 6 SECS, SAF_AT_6_SUBSECS!
# parameter | = 1: Stow CAL mechanism
» parameter 2 = 1: Select CAL mechanism



#  parameter 3 = 0: Step default number of steps
- Schedules I MECHPOWER
» execution time = curren:_time + {SAF_AT 5 SECS, SAF AT 5 SUBSECS!
- Schedules | MECHACTIVE
#  execution time = current_time + {SAF_AT 4 SECS, SAF_AT 4 SUBSECS)
# parameter | = I: Stow AS mechanism
» parameter 2 = 2: Select AS mechanism
~ parameter 3 = 0: Step default number of steps
- Schedules ] MECHPOWER
» execution time = current_time + {SAF_AT 3 SECS, SAF_AT_3 SUBSECS)
- Schedules I MECHACTIVE
»  execution time = current_time + {SAF_AT 2 SECS, SAF_AT_2 SUBSECS}
» parameter | = 1: Close TAC
#  parameter 2 = 0: Select TAC mechanism
» parameter 3 = 0: Step default number of steps
- Schedules ] MECHPOWER
#  execution time = current_time + {SAF_AT_1_SECS, SAF_AT 1 SUBSECS!
*= Error Codes:
- None

6.1.34 /I_SCHED CMD

Schedule a specific command to occur at a specific time.

*  Function Code: 30h
=  Parameters:
- cmd_id: any command that has been defined (except | SCHED CMD)
- paraml: must be included
- param2: must be included
- param3: must be included
- {secs_msw, secs_lsw, subsecs_msw, subsecs_lsw: 4 word time record containing
execution time
*  Actions:
- Inserts entry in stored command queue
- Updates control block
» chstored_cmd ent
*  Error Codes:
- Execution time less than current time, error code = 6
» Command ignored
- Stored command queue full, error code = 7
» Command ignored
- Attempt was made to schedule I SCHED CMD, error code = 5
# Command ignored

6.135 /I_DEL_STORED CMD

Delete a specific stored command.

*  Function Code: 31h
*  Parameters:
- STORED_CMD _ID
*  Actions;
- Removes the specified command from the stored command queue
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# Note that while queue is being manipulated, access by the stored command processor
task 1s blocked (cb.stored_cmd busy)
~ Note that STORED CMD_ID must match the ID that is reported when the stored
command queue is dumped as a diagnostic packet
- Updates control block
# cbh.stored_cmd cnt
=  Error Codes:

- Bad parameter, non-existent command identifier -- error cede = 3
# command ignored

6.1.36 /I_FLUSH_STORED CMDS

Delete all stored commands.

* Function Code: 32h
*  Parameters: none
= Actions:
- Removes all commands from the stored command queue
- Updates control block
> cb.stored_cmd cnt
* Error Codes: none

6.1.37 /I_RST_CMD _CNTRS

Reset ALICE stored command counters.

=  Function Code: 33h
=  Parameters: none
= Actions:
- Clears the ALICE command counter and the ALICE command error counter
- Updates control black
» c¢b.emd_count
cb.command_errors
=  Error Codes: none

6.2 ALI PARAMETER START-UP VALUES

Default start-up values for ALI parameters are provided in Table 5. These values are used in conjunction
with the /I_SET_DEFAULT command. However, it is strongly urged that these default values not be
changed during normal ALI operations.
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TABLE 5
Default ALI Start-up Parameters

Parameter | Startup
Name Index Value Description

HOPA_FIRE_DURATION 0 150  |Duration (in seconds) of HOPA firing
must be > ()

TAC_MOTOR_STEPS 1 350  |Number of steps taken when TAC is activated -
> 105 degrees

CAL_MOTOR_STEPS 2 541 INumber of steps taken when CAL is activated -
> 145 degrees

AS_MOTOR_STEPS 3 3000 |Number of steps taken when AS is activated -
> Jinches

TAC_MOTOR_RATE 4 2185 |Time period between TAC steps ( divide by
65536 ) -> 30 Hz

CAL_MOTOR_RATE 5 655  |Time period between CAL steps ( divide by
65536 ) -> 110 Hz

AS_MOTOR_RATE 6 341 [Time period between AS steps { divide by
65536 ) -> 192 Hz

LAMP_TIMER_DURATICN 7 2 Duration (in seconds) lamps are turned on
must be > 0

FPE_DG_DURATION 8 25 |Duration (in seconds) data gate is set
must be > 0

H1_M2_MODE 9 4 H1-H2 Mode -> Control Truss Delta-T
must be >=0 and <=4

H7_H11_MODE 10 3 H7-H11 Mede -> Regulate H12 Power
mustbe >= 0 and <= 3

H12_MODE 11 4 H12 Mode -> Regulate FPA Rail Heater Power
must be >= 0 and <=4

H1_TSTAT_HI 12 185 [Truss top plate turn-off threshold -> +30.2 deg
C (H1-H2 mode 1,3)

H1_TSTAT_LC 13 162  |Truss top plate turn-on threshold -> +20.1 deg
C (H1-H2 mode 1,3)

H2_TSTAT_HI 14 185 |Truss bottom plate tumn-off threshoid -> +30.2
deg C (H1-H2 mode 2,3)

H2_TSTAT_LO 15 162  [Truss bottom plate turn-on threshold -> +20.1
deg C (M1-HZ mode 2,3)

H1_H2 DELTA_T_Hi 16 18 iDelta-T Tumn-on threshold -> 7.88 deg C (H1-
H2 mode 4)

H1_H2 DELTA_T LC 17 9 Delta-T Turn-off threshold -> 3.94 deg C (H1-
H2 mode 4)

H7_H11_TSTAT_HI 18 140 |FPA Radiator Tum-off threshold -> -73.0 deg C
{H7-H11 mode 1)

H7_H11_TSTAT_LO 19 145 {FPA Radiator Turn-on threshold -> -74.2 deg C
{H7-H11 mode 1)

H7_H11_T_SETPT 20 90  [FPA Radiator Temperature Setpoint -> -60.1
deg C (H7-H11 mode 2)

H7_H11_PROP_KP 21 10 FPA Radiator Temperature Loop Proportional
Gain (H7-H11 mode 2)

H7_H11_PROP_KI 22 0] FPA Radiator Temperature Loop Integral Gain
(H7-H11 mode 2)

H12_TSTAT_HI 23 52  |MFPA Conductor Bar Turn-off threshold -
>-52.0 deg C (H12 mode 1)

H12_TSTAT_LO 24 60  [MFPA Conductor Bar Turn-on threshold -
>-53.9 deg C (H12 mode 1)

H12_T_SETPT 25 56  |MFPA Conductor Bar Temperature Setpoint -
> -52.9 deg C (H12 mode 2)
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TABLE 5 {Continued)
Default ALI Start-up Parameters

Parameter

Startup

Name

Index

Value

Description

H12_7T_PROP_KP

26

100

MFPA Conductor Bar Temperature Loop
Proportional Gain (H12 mode 2)

H12_T_PROP_KI

27

10

MFPA Conductor Bar Temperature Loop
Integral Gain (H12 mode 2)

H12_Q_SETPT

28

78

FPA Rail Heater Power Setpoint -> -HTRAM
(HTRBM) = 9.09 (H12 mode 3 4)

H12_Q_PROP_KP

29

100

FPA Rail Heater Power Loop Proportional Gain
(H12 mode 3, 4}

H12_Q_PROP_KI

30

10

FPA Rail Heater Power Loop Integral Gain
(H12 mode 3.4)

EO_DELTA_T_1_SECS

31

25

Delta seconds " /I_CLR_FPE_DG"is
scheduled after |_EARTH_OBS is executed
--> FPE Data Gate is turned off, must be > 0
and < EQ DELTA T 2 SECS

EQ_DELTA T 2 SECS

32

26

Delta seconds " /I_MECHPOWER" is
scheduled after |_EARTH_OBS is executed
--> Mechanism power is enabled,

mustbe > EQ_DELTA T_1_SECS and <
EQ DELTA T 3 SECS

EO_DELTA T_3_SECS

33

27

Deilta seconds " /I_MECHACTIVE 100" is
scheduled after {_EARTH_OBS is executed
--> TAC closure is initiated,

must be > EO_DELTA_T_2 SECSand <
EO DELTA T 4 SECS

EO_DELTA_T 4 SECS

34

41

Delta seconds " /I_SET_FPE_DG -1"is
scheduled after |_EARTH_OBS is executed
--> FPE Data Gate is tumed on for dark
reference data,

mustbe > EQO_DELTA T 3 SECS and <
EOC DELTA T 5 SECS

EO_DELTA_T 5 SECS

35

42

Delta seconds " /I_CLR_FPE_DG" is
scheduled after |_EARTH_QOBS is executed
-> FPE Data Gate is tumed off

mustbe> EQ DELTA T 4 SECS

EO_DELTA_T_1_SUBSECS

36

Delta subseconds (divide by 65535) added to
EQ DELTA T 1 SECS

EO_DELTA_T_2_SUBSECS

37

Delta subseconds (divide by 65535) added to
EQ DELTA T 2 SECS

EO DELTA T_3 _SUBSECS

38

Delta subseconds (divide by 65535) added to
EO DELTA T 3 SECS

EOQ_DELTA_T_4_SUBSECS

39

Delta subseconds (divide by 65535) added to
EQO DELTA T 4 SECS

EQ_DELTA_T_5_SUBSECS

40

Delta subseconds (divide by 65535) added to
EQ DELTA T 5 SECS

FLC_DELTA_T 1 _SECS

41

Delta seconds " /I_LAMPON
cb.defaults[FLC_MASK_1] -1" is scheduled
after |_FL_CAL is executed

--> Flood Lamps specified in FLC_MASK_1
are turned on

mustbe >0 and < FLC DELTA T 2 SECS
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TABLE 5 (Continued)
Default ALI Start-up Parameters

Parameter

Startup

Name

Index

Value

Description

FLC_DELTA_T 2 SECS

42

11

Delta seconds " /I_SET_FPE_DG-1"is
scheduled after |_FL_CAL is executed

--> FPE Data Gate is turned on

mustbe > FLC_DELTA T _1_SECSand <
FLC _DELTA T 3 SECS

FLC_DELTA_T_3_SECS

43

13

Delta seconds * /I_LAMPON
ch.defaults[FLC_MASK_2]-1" is scheduled
after |_FL_CAL is executed

—> Flood Lamps specified in FLC_MASK_2
are turned on

mustbe > FLC_DELTA T_2 SECS and <
FLC DELTA T 4 SECS

FLC_DELTA_T_4_SECS

a4

15

Delta seconds " /I_LAMPON
cb.defaults[FLC_MASK_3] -1" is scheduied
after |_FL_CAL is executed

—> Flood Lamps specified in FLC_MASK_3
are turmed on

mustbe > FLC_DELTA T 3 SECS and <
FLC DELTA T 5 SECS

FLC_DELTA_T 5 SECS

45

17

Delta seconds " /I_LAMPRESET" is scheduled
after _FL_CAL is executed

-> Flood Lamps are turned off

must be > FLC_DELTA_T_4_SECS and <
FLC DELTA T 6 SECS

FLC DELTA_T 6_SECS

46

16

Delta seconds " /I_CLR_FPE_DG" is
scheduled after |_FL_CAL is executed
--> FPE Data Gate is turned off
mustbe > FLC DELTA T 5 SECS

FLC_DELTA T 7 _SECS

47

unused

FLC_DELTA T_8 _SECS

48

unused

FLC_DELTA_T_9 SECS

49

unused

FLC_DELTA_T_1_SUBSECS

50

Q|lo|lo|l o

Delta subseconds (divide by 65535) added to
FLC DELTA T 1 SECS

FLC_DELTA_T_2 SUBSECS

51

Delta subseconds (divide by 65535) added to
FLC_DELTA T 2 SECS

FLC_DELTA_T 3 SUBSECS

52

Delta subseconds (divide by 65535) added to
FLC DELTA T 3 SECS

FLC_DELTA_T 4 _SUBSECS

53

Delta subseconds (divide by 65535) added to
FLC DELTA T 4 SECS

FLC_DELTA_T_5 SUBSECS

54

Delta subseconds (divide by 65535) added to
FLC DELTA T 5 SECS

FLC_DELTA_T_6_SUBSECS

55

Delta subseconds (divide by 65535) added to
FLC DELTA T 6 SECS

FLC DELTA_T_7_SUBSECS

56

unused

FLC_DELTA_T_8_SUBSECS

57

unused

FLC DELTA T 9 SUBSECS

58

unused

FLC_MASK_1

59

0Ox06

Flood lamps that are turned on at
FLC DELTA T 1 SECS (lamps 1, 2 and 3)

FLC_MASK 2

60

0x03

Flood lamps that are turned on at
FLC DELTA T 3 SECS {lamps 1 and 2)

70




TABLE 5 {Continued)
Default ALI Start-up Parameters

Parameter ; Startup

Name Index Value Description
FLC_MASK 3 61 0x01  (Fliood lamps that are turned on at
FLC_DELTA T 4 SECS (lamp 1)
FLC_MASK_4 62 0 unused
FLC_MASK 5 83 0 unused
FLC_MASK_§6 64 0 unused
SOL_DELTA_T_ 1_SECS 65 1 Delta seconds "/I_MECHACTIVE 0 10"is

scheduled after |_SOL_CAL is executed
--> CAL deployment is initiated
mustbe >0 and < SOL DELTA_ T 2 SECS

SOL_DELTA_T 2 SECS 66 7 Delta seconds "/I_SET_FPE_DG -1"is
scheduled after I_SQOL_CAL is executed
> FPE Data Gate is tumed on

must be > SOL_DELTA_T_1_SECS and <
SOL DELTA T 3 SECS

SOL_DELTA_T_3_SECS 67 8 Delta seconds "/ MECHPOWER" is
scheduled after |_SOL_CAL is executed
--> Mechanism power is enabled

mustbe > SOL_DELTA T 2 SECS and <
SOL_DELTA T 4 SECS

SOL_DELTA_T_4 SECS 68 9 Delta seconds "/I_MECHACTIVE 0 20" is
scheduled after |_SOL_CAL is executed
-> AS Deployment is initiated

mustbe > SOL_DELTA_T_3 SECSand <
SOL_DELTA T 5 SECS

SOL_DELTA_T 5 SECS 69 26  |Delta seconds "/I_MECHPOWER" is
scheduled after |_SOL_CAL is executed
--> Mechanism power is enabled

must be > SOL DELTA T 4 SECSand =
SOL DELTA T 6 SECS

SOL_DELTA_T_6_SECS 70 27  |Delta seconds "/ MECHACTIVE 1 2 0" is
scheduled after |_SOL_CAL is executed
—-> AS Stowage is initiated

mustbe > SOL_DELTA_T_5 SECS and <
SOL _DELTA 7 7 SECS

SOL_DELTA_T_7_SECS 71 44  |Delta seconds "/I_CLR_FPE_DG" is scheduled
after I_SOL CAL is executed

--> FPE Data Gate is turned off

mustbe > SOL_DELTA T 6 SECS and <
SOL DELTA T 8 SECS

SOL_DELTA_T_8 SECS 72 45 |Delta seconds " /I_MECHPOWER" is
scheduled after |_SOL_CAL is executed
--> Mechanism power is enabled

mustbe > SOL_DELTA T 7 SECS and <
SOL DELTA T 9 SECS

SOL_DELTA_T_9_SECS 73 46  |Delta seconds " /A MECHACTIVE 110" is
scheduled after I_SOL_CAL is executed
--> CAL stowage is initiated

mustbe > SOL_DELTA T 8 SECS

SOL_DELTA_T_1_SUBSECS 74 0 Delta subseconds (divide by 65535) added to
SOL DELTA T 1 SECS
SOL_DELTA_T_2 SUBSECS 75 0 Delta subseconds (divide by 55535} added to

SOL_DELTA T 2 SECS
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TABLE 5 {Continued)
Default ALI Start-up Parameters

Parameter | Startup
Name Index Value Description
SOL_DELTA_T_3_SUBSECS 76 0 Delta subseconds (divide by 65535) added to
SOL_DELTA T 3 SECS
SOL_DELTA_T_4 _SUBSECS 77 0 Delta subseconds {divide by 65535) added to
SOL DELTA T 4 SECS
SOL_DELTA_T_5_SUBSECS 78 0 Deita subseconds (divide by 65535) added to
SOL_DELTA T 5 SECS
SOL_DELTA_T_6_SUBSECS 79 0 Delta subseconds {divide by 65535) added to
SOL_DELTA T 6 SECS
SOL_DELTA_T_7_SUBSECS 80 0 Delta subseconds (divide by 65535) added to
SOL _DELTA T 7 SECS
SOL_DELTA_T_8_SUBSECS 81 0 Delta subseconds (divide by 85535) added to
SOL DELTA T 8 SECS
SOL_DELTA_T_9 SUBSECS 82 0 Delta subseconds (divide by 65535) added to
SOL DELTA T 9 SECS
AS_POS_RESOLUTION 83 12 interval (multiplied by 0.0052 seconds) at
which AS resolver pasition is sampled during
| SOL_CAL
DIAG_INTERVAL 84 16 Interval in seconds diagnostic packets are
queued to the OS for downlink
FPE_OVERTEMP_LIMIT 85 250  |FPE temperature which triggers shutdown of
FPE by Health & Safety task -> +58.6 deg C
FPE_OVERCURRENT_LIMIT 86 165 |FPE current which triggers shutdown of FPE
by Heatfth & Safety task ->1.5 Amps
FPE_MAX_ON_TIME a7 30000 [Time (in seconds) FPE Operational Power can
be on before Health & Safety Task shuts it off
HOPA_OVERCURRENT_LIMIT 88 196  |HOPA current which triggers HOPA reset by
Health & Safety task -> 1.1 Amps
HOPA_MAX_ON_TIiME 89 180 |Time (in seconds) HOPA can be on before
Health & Safety Task does a HOPA reset
MOTOR_OVERTEMP_LIMIT 80 250  |Motor temperature which triggers a mechanism
reset by Health & Safety task -> +58.6 deg C
MOTOR_OVERCURRENT_LIMIT 91 193 |Motor current which triggers a mechanism
reset by Health & Safety task -> 2.1 Amps
MOTOR_MAX_ON_TIME g2 60  [Time (in seconds) motor can be active before
Health & Safety Task does a mechanism reset
LAMP_OVERCURRENT_LIMIT a3 250  |Lamp current which triggers a lamp reset by
Health & Safety task -»> 0.98 Amps
LAMP_MAX_ON_TIME 94 60 Time (in seconds) lamps can be on before
Health & Safety Task does a lamp reset
HB1_OVERCURRENT_LIMIT 95 196 |Heater Bank 1 current which triggers the
Health & Safety task to disable it -> 1.1 Amps
HB2 OVERCURRENT_LIMIT 95 196 iHeater Bank 2 current which triggers the
Heaith & Safety task to disable it -> 1.1 Amps
HB3_OVERCURRENT_LIMIT 97 196  |Heater Bank 3 current which triggers the
Health & Safety task to disable it -> 1.1 Amps
HB4_OVERCURRENT _LIMIT 98 196 |Heater Bank 4 current which triggers the
Health & Safety task to disable it -> 1.1 Amps
TCS_INTERVAL 1 99 60 Interval (in seconds) control is updated in H7-
H11 mode 2
TCS_INTERVAL 2 100 5 Interval {in seconds) control is updated in H12
mode 2, 3 and 4




TABLE 5 {Continued)
Default ALi Start-up Parameters

Parameter

Startup

Name

Index

Value

Description

TCS_INTERVAL_3

101

1200

Interval (in seconds) control is updated in H7-
H11 mode 3

H7_H11_Q SETPT

102

139

MFPA Conductor Bar Heater Power Setpoint -
> 0.18 Amps {1.7 Walts) (H7-H11mode 3)

H7_H11_Q_PROP_KP

103

10

MFPA Conductor Bar Heater Power Loop
Proportional Gain (H7-H11mode 3)

H7_R11_Q PROP_KI

104

10

MFPA Conductor Bar Heater Power Loop
Integral Gain {H7-H11mode 3)

UNUSED

105

unused

H12_CUR_AVERAGE _

106

Number of previous values of H12_CUR to be
averaged in calculating the controt in H7-H11
mode 3, must be > 0 and < 20

SAFE_DELTA_T_1_SECS

107

Delta seconds "/I_MECHPCOWER" is
scheduled after |_SAFE_MODE is executed
--> Mechanism power is enabled

must be > 0 and < SAFE DELTA T 2 SECS

SAFE _DELTA T 2 SECS

108

Delta seconds "/I_MECHACTIVE 10 0" is
scheduled after |_SAFE_MODE is executed
--> TAC closure is initiated

must be > SAFE_DELTA T 1 _SECS and <
SAFE DELTA T 3 SECS

SAFE_DELTA_T_3 SECS

109

17

Delta seconds "/I_MECHPOWER" is
scheduled after I_SAFE_MODE is executed
--> Mechanism power is enabled

must be > SAFE_DELTA T_2 SECSand «
SAFE DELTA T 4 SECS

SAFE_DELTA_T_4_SECS

110

18

Deita seconds "/I_MECHACTIVE 120" is
scheduled after |_SAFE_MODE is executed
-> AS Stowage is initiated

must be > SAFE_DELTA_T 3 _SECSand <
SAFE DELTA T 5 SECS

SAFE_DELTA_T_5_SECS

111

34

Delta seconds "/I_MECHPOWER" is
scheduled after I_SAFE_MODE is executed
—~> Mechanism power is enabled

must be > SAFE_DELTA_T 4 _SECS and <
SAFE_DELTA T 6 SECS

SAFE_DELTA T_6_SECS

112

35

Deita seconds */I_MECHACTIVE 1 10"is
scheduled after |_SAFE_MODE is executed
--> CAL stowage is initiated

must be > SAFE DELTA T 5 SECS

MAX_H7_H11_CMD_INC

113

Maximum increase in H7-H11 command ({bits)
allowed during H7-H11 mode 3 control-> 6.4
Watts, must be > 0

MAX_H7_H11_CMD_DEC

114

Maximum decrease in H7-H11 command (bits)
allowed during H7-H11 mode 3 controf -> 6.4
Watts, must be > 0

HTRAM_HTRBM_OFF_LIMIT

115

10

FPA Rail Heater Power threshold which
triggers the Health & Safety Task to turn off the
FPE thermal

control bus when FPE operational power is on
—->HTRAM (HTRBM} = 1.2V (0.01 W)

TRIP_SAFE_TIME

116

10

Interval in seconds trip state is reset to zero
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63 HAZARDOUS COMMANDS

Of the 37 ALI commands, 17 have been labeled “hazardous’. A hazardous command is one that may cause
harm to the instrument if not implemented properly or executed at the wrong time. For example, arming
and firing the ALI HOPAs are hazardous commands because if fired at the wrong time, may result in the
releasing of launch latch or fail-safe latches prematurely.

A list of ALI hazardous commands are provided in the Table 6. Prior to the execution of these commands,

approval by cognizant MIT/Lincoln Laboratory personnel must be provided.

TABLE 6

ALl Hazardous Commands

Command Function Code Function
/I DSBL28VTRIPS 03h Disable 28V Protection Circuits
/I ENABLEPOKE 04h Enable Memory Poke
/I_POKE 05h Poke Memory
/I ARMHOPA 06h Arm HOPA Circuit
/I FIREHOPA 07h Fire HOPA Circuit
/I MECHPOWER 09h Enable Mechanism Power
/I MECHACTIVE 0Ah Activate Mechanism
/l_LAMPENABLE 0Ch Enable Lamp Power
/I LAMPON 0Dh Turn On Lamps
/Il SET TCS MODE 15h Set Thermal Control Mode
/I ENA HTR BANKS 16h Setup AL| Heater Banks
/I MAN HTR CTRL 17h ALl Manual Heater Control
I TCS AUTO CTRL MODE 18h Set TS Auto Control Modes
/I EARTH OBS 19h Do Earth Observation
| SOL CAL 1Bh Do Solar Calibration
/. SET DEFAULT 1Ch Set Parameter Default Value
/I SAFE_MODE 21h Activate Safe Mode Sequence
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7. TELEMETRY

The ALI telemetry is composed of one housekeeping and four diagnostics packets. The housekeeping
packet (Application ID 080h) consists of 59 words and is provided in Table 7. Words 0-32 provide Analog
Housekeeping Telemetry. The Health and Safety Register is listed in Word 33. Words 34-41 compose the
Analog Board Siatus Register, Words 42-46 the RSN Processor Status, and Words 47-59 the Motor and
FPE Status Register.

The four diagnostics packets (APIDs 81-84h) also available may be queved to the operating system every
16 seconds using the /I_DIAGMODE command. The Control Block diagnostic packet (081h) includes
information on the processor status, default parameter values, and other flags and counters. The Command
Log packet (082h) contains a list of the 27 most recently processed commands. This information includes
the command number, time the command was processed, return status, and command parameters. The
Stored Command buffer diagnostic packet {083h) lists up to 40 commands which have been scheduled for
later execution. Information in this packet includes the command number, time to be processed, and
command parameters. Finally, the Aperture Selector Position Buffer packet (084h) consists of time and
positicn data collected during the most recent deployment or retraction of the aperture selector.

During flight operations, all ALI telemetry may be accessed from either the GSFC Mission Operations
Center (MOC) or MIT/LL ASIST workstations. The ASIST or Advanced Spacecraft Integration and
Systems Test workstation is an IBM PC running off a UNIX platform developed at GSFC. This computer
houses each subsystem’s telemetry databases and is capable of reading and displaying all or a subset of
spacecraft telemetry, based on which application ids the user selects. Seven ASIST windows are referred to
for general status of the Advanced Land Imager. Examples of these windows are provided in Figures 46-
52.

TABLE 7

ALI Telemetry Points

WORD | BITS DESCRIPTION NOTES
CCSDS PRIMARY HEADER
PH1 13:15 |version number =0
12 type telemelry packet: =0
11 secondary header flag secondary header is present: =1
0:10  |[application ID = (080h
PH2 14:15 |segment flags unsegmented packet: = 3h
0:13  [source sequence count packet counter
PH3 0:15 |packet length message length - 7 {in bytes ) = 7%h
CCSDS SECONDARY HEADER
SH1 0:15  |time in seconds, most significant word
SHz 0:15  [time in seconds, least significant word
SH3 0:15  |time in subseconds, most significant word
SH4 0:15  {time in subseconds, least significant word
ANALOG HOUSEKEEPING
0 0:07 |T1, Metering Truss Top Plate +Y 00h = -50.83°C, FFh = +60.83°C
8:15 [T28, Aperture Selector Motor 00h =-50.83°C, FFh = +60.83°C
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TABLE 7 (Continued)

ALl Telemetry Points

WORD | BITS DESCRIPTION NOTES
1 0:07 [T18, Telescope Surround +Y 0Ch =-50.83°C, FFh = +50.83°C
8:15 |T36, ALICE Radiator 00h = -50.83°C, FFh = +50.83°C
2 0:07 |T28, Aperture Cover Launch Latch 00h = -50.,83°C, FFh = +60.83°C
815 |T38, FPE Board 1 00h = -50.83°C, FFh = +60.83°C
3 0:07 |T9, Pallet +X Side 00h =-50.83°C, FFh = +60.83°C
8:15 T2, Metering Truss Top Plate -Y 00h = -50.83°C, FFh = +60.83°C
4 0:07 |T20, MFPA Conductor Bar 00h = -50.83°C, FFh = +60.83°C
8:15 |T6; Baseplate at +X Flexure 00h = -50.83°C, FFh = +50.83°C
5 0:07 |T37, Radiator Support Frame 00h = -50.83°C, FFh = +60.83°C
8:15 |T39, FPE Board 2 00h = -50.83°C, FFh = +60.83°C
6 0:07 |T16, Calibration Plate Drive Motor 00h = -50.83°C, FFh = +60.83°C
8:15 [T10, Pallet -X Side 00h = -50.83°C, FFh = +60.83°C
7 0:07 (T3, Metering Truss Shell 00h = -50.83°C, FFh = +60.83°C
8:15 |T32, FPA Radiator 00h = -50.83°C, FFh = +60.83°C
8 0:07 [T24, Aperture Cover Drive Motor Structure 00h = -50.83°C, FFh = +60.83°C
8:15 |T7, Baseplate at +X, +¥ Flexure 00h = -50.83°C, FFh = +60.83°C
9 0:07 |H12 Current Command 00h =-2.03 Amps, FFh = 2.03 Amps
8:15 [T27, Aperture Cover 00h = -50.83°C, FFh = +60.83°C
10 0:07 |T17, Telescope Surround -Y COh = -50.83°C, FFh = +60.83°C
8:153 |T4, MFPA Frame at +Y Rail Mount 00h = -50.83°C, FFh = +60.83°C
1 0:07 [T35, FPE Radiator 00h =-50.83°C, FFh = +60.83°C
8:15 |725, Aperture Cover Drive Motor 00h = -50.83°C, FFh = +60.83°C
12 0:07 |T15, Calibration Plate Assembly 00k =-50.83°C, FFh = +60.83°C
8:15 T8, Baseplate at -X, -Y Flexure 00h = -50.83°C, FFh = +60.83°C
13 0:07 |T19, MFPA Conductor Bar, internal rail interface 00h = -39.55°C, FFh = -100.45°C
8:15 T29, MFPA Conductor Bar, external fiex link 0Ch = -39.55°C, FFh = -100.45°C
14 0:07 |T21, MFPA Conductor Bar, internal flex link 00h = -39.55°C, FFh = -100.45°C
8:15 T34, FPA Radiator, bottom 00h =-39.55°C, FFh = -100.45°C
15 0:07 |T33, FPA Radiator, top 00h =-39.55°C, FFh = -100.45°C
8:15 |HTRAM, MFPA heater voltage, side A 00h = -0.225V, FFh = 30.225V
16 0:07 |{HTPPOSB, Heater power +15V, side B Q0h = -30.45V, FFh = +30.45V
815 |HTPNEGB. Heater power -15V, side B 00h =-30.45V, FFh = +30.45V
17 ¢:07 [REFATM, MFPA Thermal Ctrl Volt Ref, side A 00h = -10.15V, FFh = +10.15V
8:15 |REFBTM, MFPA Thermal Ctrl Volt Ref, side A 00h = -10.15V, FFh = +10.15V
18 0:07 |HTPPOSA, Heater power +15V, side A 00h = -30.45V, FFh = +30.45V
8:15 [HTPNEGA, Heater power -15V, side A Q0h = -30.45V, FFh = +30.45V
19 0:07 |HTRBM, MFPA heater voltage, side B 00h = -0.225V, FFh = 30.225V
8:15 [FPPP15, Focal Plane Power +15V 00h = -30.45Y, FFh = +30.45V
20 0:07 |FPPN15, Focal Plane Power -15V 00h = -30.45V, FFh = +30.45V
8:15 |FPP5A, Focal Plane Power +5V, analog 00h = -10.15V, FFh = +10.15V
21 0:07 |FPP5L, Focal Plane Power +5V, digital 00h =-10.15V, FFh = +10.15V
8:15  [H12 Current 00h = -2.03 Amps, FFh = 2.03 Amps
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TABLE 7 (Continued)
ALl Telemetry Points

WORD BITS DESCRIPTION NOTES
22 0:07 |TERRAM, MFPA Temnp Error Signal, Side A 00h =-1.269°K, FFh = +1.269°K
8:15 |TERRBM, MFPA Temp Error Signal, Side B 00h = -1.269°K, FFh = +1.269°K
23 0:07 !Flood Lamp 1 current O0h =-1015A FFh=1.015A
8:15 {Flood Lamp 2 current 00h =-1.015 A FFh=1.015 A
24 0:07 |Flood Lamp 3 current 00h =-1.015 A FFh =1.015 A
8:15 [ALICE +15V monitor 00h = -30.45V, FFh = +30 .45V
25 0:07 |ALICE -15V monitor 00h =-30.45V, FFh = +30.45V
8:15 |ALICE +5V monitor 0Ch =-10.15V, FFh = +10.15Vv
26 0:07 |ALICE +5V CURRENT 0Ch = -10.15 Amps, FFh = +10.15 Amps
8:15 |ALICE 2.5V REF - A 0Ch =-10.15V, FFh = +10.15V
27 0:07 |ALICE +28V Input Current 00h = -5.075 Amps, FFh = 5.075 Amps
8:15 |Motor Current 00h = -4.06 Amps, FFh = 4.06 Amps
28 0:07 |Analog Board Temperature (T5) 00h = -50.83°C, FFh = +80.83°C
8:15  |Paraffin Actuator Current 00h = -2.03 Amps, FFh = 2.03 Amps
29 0:07 [Heater Bank 1 Current 00h = -2.03 Amps, FFh = 2.03 Amps
8:15 |FPE +28V Input Current Q0h = -5.075 Amps, FFh = 5.075 Amps
30 0:07 |Heater Bank 3 Current Q0h = -2.03 Amps, FFh = 2.03 Amps
8:15 |Heater Bank 4 Current 00h = -2.03 Amps, FFh = 2.03 Amps
31 0:07 | TMSPAN, MS/PAN Module Temperature 00h = -1.015°C, FFh = +1.015°C
815 |[TMPH1, FPA Placeholder 1 temperature 00h = -1.015°C, FFh = +1.015°C
32 0:07 |TMPH2, FPA Placeholder 2 temperature 00h =-1.015°C, FFh = +1.015°C
8:15 |FPE Housekeeping Offset D/A Qutput 00h =-10.15V, FFh = +10.15V
33 Health & Safety Register
0 0 = OK, 1 = FPE Qvertemperature
1 0 = 0K, 1 = FPE Overcurrent
2 0 =0K, 1 =FPE On tco long
3 0 = OK, 1 = HOPA Qvercurrent
4 0 =0K, 1=HOPA On too long
5 0 = OK, 1 = Motor Overtemperature
s} 0 = OK, 1 = Motor Overcurrent
7 0 = 0K, 1 = Motor On too long
8 0 = OK, 1 = Lamp Overcurrent
g 0=0K, 1 =Lamp On too long
1C 0 = OK, 1 = Heater Bank 1 Overcurrent
11 0 = 0K, 1 = Heater Bank 2 Overcurrent
12 0 = OK, 1 = Heater Bank 3 Overcurrent
13 0 = OK, 1 = Heater Bank 4 Overcurrent
14 |0 =0K, 1 = FPE Thermal Control Fault
15 |unused
ANALOG BOARD STATUS REGISTERS
34 0 LED 1 status -- CAL position 0 = Cal Plate Stowed, 1 = Cal Plate Not
Stowed
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TABLE 7 (Continued)

ALl Telemetry Points

WORD | BITS DESCRIPTION NOTES
1 LED 2 status -- CAL position 0 = Cal Plate Stowed, 1 = Cal Plate Not
Stowed
2 LED 3 status -- CAL position 0 = Cal Plate Deployed, 1 = Cal Piate Not
Deployed
3 LED 4 status -- CAL Fail Safe Status 0 = Cal Fail Safe Deptoyed, 1 = Cal Fail
Safe Secured
4 LED 5 status —- CAL Launch Latch Status 0 = Cal Launch Latch Secured, 1 = Cal
Launch Latch Deployed
5 LED & status unused
LED 7 status -- TAC Fail Safe 0 = TAC Fail Safe Secured, 1 = TAC Fail
Safe Deployed
7 LED 8 status -- TAC position 0 =TAC Fully Closed, 1 = TAC Not Fully
Closed
8 LED 8 status -- TAC paosition 0 =TAC Fully Open, 1 = TAC Not Fully
Open
9 LED 10 status -- TAC Launch Latch 0 =TAC Launch Latch Secured, 1 = TAC
Launch Latch Deployed
10 LED 11 status -- AS position 0 = AS Not Fully Extended, 1 = AS Fully
Extended
11 LED 12 status -- AS position AS Not Fully Retracted, 1 = AS Fully
Retracted
12 |LED 13 status unused
13 LED 14 status unused
From RSN Board
14 FPE Data Gate Status 1 = enabled
15 FPE Reset Line status 0 = reset active, 1 = reset inactive
35 0:11 |TAC Status 000h = 0 degrees, FFFh = 1228.5
degrees
12:15 (FPE PAN integration time Oh = 0.27 milliseconds, Fh = 1.62
milliseconds
36 0:13 |resolver data 000h = 3.2211, 3FFFh = -2,7787
14 |resolver direction 0 = Extending, 1 = Retracting
15 |unused
37 0:11 |TMSPAN Offset 0xQ00 = OV, OxFFF = +10V
12 arm flood lamp 1 O=armed
13 |arm floed lamp 2 O=armed
14 arm flood lamp 3 O=armed
15 unused
38 0:11  |H12 current command (D/A input) 000h = 0 Amps, FFFh = 2 Amps
12 fenable flood lamp 1 0=on
13 enable flood lamp 2 C=on
14 |enable flocd lamp 3 0=on
15 |unused
39 0 HOPA trip circuit enable 1 = trip circuit enabled
Heater Bank 1 trip circuit enable 1 = trip circuit enabled
2 Heater Bank 2 trip circuit enable 1 = trip circuit enabled
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TABLE 7 (Continued)

ALI| Telemetry Points

WORD | BITS DESCRIPTION NOTES
3 Heater Bank 3 trip circuit enable 1 = trip circuit enabled
4 Heater Bank 4 trip circuit enable 1 = trip circuit enabled
5 Motor power trip circuit enable 1 = trip circuit enabled
<] FPE operational power trip circuit enable 1 = trip circuit enabled
7 FPE thermal power trip circuit enable 1 = trip circuit enabled
8 HOPRA power status 1=enabled
g HOPA A status {CAL Launch Latch) 1=HOPA energized
10 HOPA B status {(CAL Fail Safe) 1=HOPA energized
11 HOPA C status (TAC Launch Latch - A) 1=HOPA energized
12 HOPA D status (TAC Launch Latch - B} 1=HOPA energized
13 HOPA E status (TAC Fail Safe - A} 1=HOPA energized
14 |HOPAF status (TAC Fait Safe - B) 1=HOPA energized
15 Motor power status 1=enabled

40 [¥] Heater 1 status i=on
1 Heater 2 status 1=on
2 Heater 3 status t=on
3 Heater 4 status 1=on
4 Heater 5 status 1=0on
5 Heater 6 status 1=0on
5 Heater 7 status 1=on
7 Heater 8 status 1=on
8 Heater 9 status 1=on
9 Heater 10 status 1=on
10 Heater 11 status 1=on
11 Heater Bank 1 status 1=on
12 Heater Bank 2 status 1=on
13 Heater Bank 3 status 1=cn
14  |Heater Bank 4 status 1=cn
15 unused

41 0 HOPA trip circuit status 0 = tripped
1 Heater Bank 1 trip circuit status 0 = tripped
2 Heater Bank 2 trip circuit status 0 = tripped
3 Heater Bank 3 trip circuit status 0 = tripped
4 Heater Bank 4 trip circuit status 0 = tripped
5 Motor power trip circuit status 0 = tripped
3] FPE trip circuit 1 status 0 = tripped
7 FPE trip circuit 2 status 0 = tripped
8 FPE operational power status-A 1 = enabled
9 FPE cperational power status-B 1 = enabled
10 FPE thermal power status-A 1 = enabled
11 FPE thermal power status-B 1 = enabled
12 |FPE MFPA side A plus offset 1 = enabled
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TABLE 7 (Continued)

ALl Telemetry Points

WORD | BITS DESCRIPTION NOTES
13 FPE MFPA side A minus offset 1 = enzabled
14 FPE MFPA side B plus offset 1 = enabied
15 FPE MFPA side B minus cffset 1 = enabled
RSN BOARD PROCESSOR STATUS
42 011 |CAL status 000h = degrees, FFFh = 1097.55
degrees
12:15 |FPE MS Integration Time Oh = 0.81 milliseconds, Fh = 4.86
milliseconds
43 0:2  |number of watchdog counter resets
3 analog converter status 1 = busy
4 inhibit 1773 A side transmitter 1 = inhibit
5 inhibit 1773 B side transmitter 1 = inhibit
5] eeprom status 1 = not busy
7 reset type 0 = power up

1 = watchdog or external

8:15 |stored command count

44 0:15 |total number of 1773 commands received
45 015  |number of bad 1773 commands received
48 Q:7  |return status of last command

8:15 |function code of last command

Motor and FPE Status Register

47 0 poke status 1 = enabled
motor activation status 1 = motor running
2:3  |active motor identifier 0 = Telescope Aperture Cover

1 = Calibration Diffuser
2 = Aperture Selector

ALl thermal control mode 0 = manual, 1 = automatic

5:7 |HTR1 & HTR2 control mode 0 =HMTR1 & HTR2Z control disabled
1 =HTR2 disabled, HTR1 controlled
thermostatically

2 = HTR1 disabled, HTR2 controlled
thermostatically

3 = HTR1 & HTRZ controlled
thermostatically

4-7 = MTR1 & HTR2 control truss delta
temp.

8:9 |HTR7-HTR11 control mode 0 = Disable HTR7- HTR11
1 = Control FPE Radiator temperature
{thermostaticaily)

2 = Control FPA Radiator temperature
{thermal/digital converter)

3 = Regulate HTR12 current
(thermal/digital converter)
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TABLE 7 (Continued)

ALl Telemetry Points

WORD | BITS DESCRIPTION NOTES
10:12 [HTR12 control mode 0 = Disable HTR1Z
1 = Control HTR12 thermostatically
2 = Control HTR 12 with a temperature
loop
3 = Control HTR12 to regulate MFPA
heater power
4 = Control HTR12 {o regulate MFPA
heater power with hold feature
13:15 |ALICE Diagnostic mode 0 = No Diagnostic stream
1 = Control Block Contents
2 = Command Log
3 = Stored Command Queue
4 = Aperture Selecter Position - opening
5 = Aperture Selector Position - ¢losing
48 0:15 |[AS status 0000h = 0 inches, FFFFh = 65.536
inches
49 0:15 |Time FPE data gate set - word 1 MSW Seconds
50 0:15 |Time FPE data gate set - word 2 LSW Seconds
51 0:15 |Time FPE data gate set - word 3 SubSeconds
52 0:15 |Time FPE data gate cleared - word 1 MSW Seconds
53 0:15 |Time FPE data gate cteared - word 2 LSW Seconds
54 0:15 |Time FPE data gate cleared - word 3 SubSeconds
55 0:11 |FPE line rate 000nh = 238.0852381 tines per second
FFFh = 182.4921585 lines per second
12 |MS/PAN bias enable status 0 = enabled
1 = disabled
13 Test pattern status 0 = disabled
1 = enabled
14 FPE offset calculation state 1 = enabled, 0 =enabled
15 unused
56 0:15 |Last FPE configuration command issued see FPE ICD for details--leave as hex
57 0:15 |Echo of last configuration command see FPE ICD for details--leave as hex
58 011 [TMPH1 Offset 0x000 = 0V, OxFFF = +10V
12:15 |unused
59 011 |TMPRH2 Offset Ox000 = OV, OxFFF = +10V
12:15 |unused
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Nominal ALI HSKP Parameters
136 ~ALICE Radiator Temp -56.83
T38 -¥PE Board 1 -50,83 F1H
T20 -MFPA Conductor Bar -50.83
T39 -FPE Board 2 ~-50.83 n
T32 -FPA Radiator -50.83 EiN
T35 -FPE Radiator ~50.83 2
YPPP15 - FPE Power +15¥: -30.45% 7L
FEPN15 - FPE Power -15v: -30.45 Ech
FPPSA - FPE Pover +5Y Analog: -10.15 ksl
FPPSL - - FPE Power +5¥ Digital: -16.15. %
Flood Lamp 1 Current -1.015 %
Flood Lamp 2 Current -1.015 Eeh
Flood Lamp 3 Cuxremt -1.01%
{ALICE +15V nonitor ~36.45 2x
ALICE -15V momitor -30.45 7
EALICE +5¥ monitor -10.15 =
ALICE +5¥ current 210.15 %
ALICE 2.5¥ REF -A =10.15 =
{ALICE +28v Input Current ~5.075 . 7y
:5 ~Analog Board Temp -50.83 m
i FPE +20Y Irmpat Curremt ~=5:075 0 - N
| THSEAN - MS/PAN Temperature : -1.015 =
I

Figure 46. ASIST I_NOMINAL telemetry page. Several key telemetry points (voltages, currents and temperatures) are
listed on this page.
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Health & Safety Status
FPE Temperature: OK Tu
FPE Current: T OK ?u
FPE Ou Tine: oK. . 7u
HUPA Current: : OK - : 1
HOPA On Tiwe: oK . - . u
Fotor Temperature: _ oK. . . ?u
Motor Current: OK - u
Motor Dn Time: DK m
Laxp Current: LU S u
Lamp On Time: oK : u
Beater Bank 1 Curvent: OK . . ?u
Heater Bauk 2 Current: & OK~ ?u
Heater Bank 3 Curremt: - OK . . 7u
Heater Bauk 4 Duwrrent: OK. u
FPE Therwal Contxol: "ok I u

Figure 47. ASIST I_HS_STAT telemetry page. This window displays the status of the continuocus internal health and
safety monitoring performed by the ALICE {see Section 2.8.6).
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Focal Plane Electronics

REFATH — MFPA Htr Setpt. A: -19.15 7u FPEL Trip Statws: DISABLED ?TRIPPED ?u
HIRAM — MFPA Htr Voltage, A: ~-0.225 ?u FPE2 Trip Status; DISABLED ?TRIPPED Tu
FERRAM — MFPA Temp Exx Sigoal, A: -—-1.269 ?u FPE Current: -5.075 ?u
REFBTM ~ MFPA Htr Setpt, B: -10.15

HIREM - MFPA Htr Yoltage, B: -0.225  7u MFPA A Side + Dffset: e

TERREM - MFPA Tewp Err Sigoal, B: -1.26%  ?u MFPA A Side —~ Offset: Pu

HIPPUSA- Heater Power +1SV. A: -30.45 © 7u MFPA B Side + Offset: ©?u

HIPNEGA- Hoater Power —15¥, A: -30.45  ?u MFPA B Side - Dffset: . ?u

EIPPOSE- Heater Power +15Y, B: -30.45 7u

HIPNEGB- Heater Poser -15¥, B: -30.45 TU FPE Data Gate: kb

FPPP15 - FPE Power +15V: =30.45 . ?u FPE Reset: ACTIVE u

FPPNLS - FPE Power -15¥: i ~30.45 U

FEPSA -~ FPE Power +5¥ Analog: -10.15

FPPSD - FPE Power +5V Digital: =10.15  ?u

FPE Data Sate Set MSW seconds: 0000 FPE VPower Statns

FPE Data Sate Set LSW seconds: 0000 ' Operational: 11

FPE Data Gate Set Sohseconds: 0000 Thersal—-A: 1
I FPE Data Sate Clrd NS¥ seconds: 0000 Thermal-B; u

FPE Data Bate Clrd LSW seconds: . 0000
FPE Data Gate Clrd Scbseconds: (0000

TMSPAN: I 21,015 u

FPE PAN Integration Time: 0.27  u pem: 0 ?-1,015  7u
FPE MS Inteqration Tiwe: 0.81 o peE: o ?7-1.015 T
FPE Line Rate - lines/sec: 237.73%  ?u A/D Imput: -10.15 2u

MS/PAN Bias enable status: ENABLED u

Test Pattern Status: DISABLED ?u

last FPE config oed: 0000 ‘

Echo of last config cmd: 0000

Figure 48. ASIST [_FPE telemetry page. Key thermal control system parameters are displayed in the upper left corner.
FPE configuration parameters are provided in the lower left corner. Data gate activity and FPE power status is
located in the middie of the right hand column.
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Processor Status
Vatchdog reset count: 0

1773-h Ewit Statos:

1773-8 ¥mit Status:

EEPROM Status: BUSY
Reset type: POHER UP

|1m Comarand Comat:

1773 Comnand Errors:

Beturn Status of last command:
Function Code of last comsand:
Stored Comnand Count:

L= = I - T Y = ]

——— Control Block Variahles—
Poke Status: -

Mechanism Power Status:

Mechanize State: . _

Active Mechanism: - - TEL APER CVR

ALL Thermal Comtrol Mode: - ~MANUAL
TCS Mutomatic Cantrol Mode 1: 152 DISABLED
TCS Antowatic Control Mode 2: 'DISABLE HTR7-HTR11
TCS Automatic Cantrol Mode 3:° DISABLE HTR 12
ALTCE Diagnostic Mode: . NO DIAG STREAM

Spacecraft Inforeation:

Alice Time (RAW): 060-000-00:00:00. 000
Alice Tine {seconds): s o
Alice Time {subsecoruds):

Figure 49. ASIST I_PROCESS_STAT telemetry page. Key parameters include the watchdog reset counter at the top,
1773 summary since last reset in the middle, and thermal control mode status and spacecraft lime towards the botiom.
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Temperatures

Tl - Truss Top Plate, +Y: -50.83 T 136 - ALICE Radiator: -50.§3 ?u
T2 - Truss Top Plate, -Y: -50.83  2u

T3 - Truss Shell: -50,83 u T35 - FPE Radiator: ~-50.83 7
T4 ~ MFPA Frame, +Y Bail: -50.83 Tu 138 - FPE Board 1: -50.83 u
T5 - Analog Board: -50.83 ?u T39 - FPE Board 2: -5G,63 ?u

T6 - Baseplate, +X: -5%0.83 Tu '

T7 - Baseplate, +X, »Y: —50.83 Tu

T8 - Baseplate, -X, -X: -~50_.E3 u T37 - FPA Radiatoxr Frame: —50.83 u
T9 - Pallet, +X: -50.83 ?u T32 - FPA Radiator: -50.63 u
T10 - Pallet, -X: . -50.83 u T2 - WFPA Conductor Bar: -50.83 © ?u

T17 - Telescope Housing, -¥: -50.83  7u
T18 - Telescope Housing, +Y: ~—50.83  ?u

'II_S - MFPA Condnctoxr Bar, rail E/F—39.55. 7%
T29 - MFPA Condoctor Bar, extemrnal:-39.55 7L
T21 - MFPA Condactor Bar, internal:—3%.55 P

T1S - cal. Plate Assewbly: ~50.83 . -ou
T16 ~ €P Motor: : ~50.83 . 7u 133 - FPA Eadiator, top:: -39.55 r
T28 - Aperture Selector Motor: ~50.83 - 2u T34 - FPA Radiator, bottom: -39.55 =
T24 -~ TAGC Motor Structure: -50.83 Zu :

125 - IAC Motor: _50_7'83 2u

T26 — TAC Lawmich Latch: -50.83 »u

T27 - Aperture Cover: . -50.83  2u

Figure 50. ASIST [_TEMPS telemetry page. This page lists all ALI temperature sensor readings. Telescope
temperatures are grouped in the upper lefl, mechanism temperatures are in the lower lefi, FPE temperatures in the
upper right and FPA temperatures in the middle right
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Thermal Control

Heater Bamk 1 Statws: OFF . . 7?DISABLED 7?TRIPPED ?u
Heater Bank 1 Coxrent: —2.03 o

Heater Bank 2 Statwus: OFF.° ' ZPRISABLED ?TRIPPED ?u
Heater Bank 3 Status: QFF . ° . - ?DISRBLED ?TRIPPED u
Heater Bank 3 Cmxrent: -2.83 °°  Tu

Heater Bank 4 Statws: OFF ©° . . ?DISABLED 7?TRIPPED u
Heater Bank 4 Carrent: -2.03° ° "

Thernal Control Mode: MANURL - - Cwu

- ntamatic Control Modes———
HIEl & HTR2: 152 DISABLED: ~— ?u
HYR7-HTRI1: DISABLE HIR7-HT?u

HERIZ: DISABLE HTR 12 %u
_HIRL2:
Current Command - amalog: O "¢ ?u
Corrent Cowmand - digital: ~2.03 7 ?Pu
Heater Current: - 2203 o
HIR1 State: OFF. - - R | I

RIRZ2 State: OFF ¢ u
HIR3 State (spave): OFF: T
HIR4 State (spare): OFF: - u
HIRS State (spare): OFF : . 7u’
HIBE State (spare); OFF '~ 7 iy
HIR7 State: OFF. 1. :%u
HIR8 State; OFF - i
HIRO9 State: OFF . T
HIRLO State: OFF “ou
HIR11 State: OFF P+ I

Figure 51 ASIST I_THERMAL telemetry page. This page summarizes the current state of the thermal control system.
The TCS mode is listed near the middle and the status of individual heaters are locaied at the bottom
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" Mechanism Status

CAL Powition: Y *u

AS Position: : 0 S ta

TAC Position: a : u
Fotor Irip Gircuit Statgs: DISABLED TRIPPED el
Motor Power: ' 1
Notor Corremt: -4.086 . CTa
Kechanism Status; _ . ey
Active Mechanism: TEL APER CVR 2

ROPA Trip Circuit Status: DISABLED TRIPPED u
HOPA Poser Status: T
BUPA Current: = -2.03 Coa
Calibration Plate Lawnch Latch ROPA:: oo : S u
Calihration Plate Fail Safe HOPA: ‘ U 7a
Aperture Cover Lamch Latch HDPA A: ) %
Aperture Cover Lamnch Latch HAPA E: ) u
Aperture Cover Fail Safe HOPA A: - R
Aperture Cover Fail Safe HIPA B: e “a
LED Status: o :
Calibratios Plate Stoved? CAL PLATE STOWED?u
calibration Plate Stoved? CAL PLATE STOHED?1
Calibration Flate Deploped? CAL PLATE DEPLOY?u
Calibration Fail Safe Beployed? CAL FAIL SAFE DE?u
Calibration Lamnch Latch Deployed? CAL LAUNCH LATCH?u

TAC Fail Safe Deployed? TAC FAIL SAFE SE?u ..
TAC Closed? TAC FULLY CLOSED?u
TAC Open? _ TAC FULLY OPEN = ?u.
TAC Laonch Latch Deployed? TAC LAUNCH LATCH?u

A5 Deployed? PR 0 R

RS Stowed? 77777 ..
Spares (L¥U6, LED13, LENI4): O _ 0 0
lﬂesolver Position: 3.2711 EXTENDING

Figure 52. ASIST I MECH_STAT telemetry page. Status of the ALl mechanisms and motor power are located at the
top, HOPA information is in the middle, and mechanism LED and resolver readouts are at the botiom of this page.

7.1 TELEMETRY LIMITS

Yellow and red limits are used to check telemetry points and verify they are within operational constraints.
Any parameter crossing a yellow high or a yellow low limit wili result in a warning to the operator that this
has occurred and that this telemetry point is approaching dangerous levels and should be monitored. Any
parameter crossing a red high or a red low limits will result in a warning to the operator that this has
occurred, that the related hardware is in danger, and that immediate action is required. Table § provides the
flight operations thermal yellow and red limits defined for the ALI Temperatures listed in this table are in
degrees C. Table 9 provides the flight operations power (voltages and currents) yellow and red limits
defined for ALL
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TABLE 8

Flight Thermal Yellow and Red Telemetry Limits for the ALI
(Temperatures are in degrees C)

I
S|zl |5
cle R T EE e
E - ol ol = S = S 3>
Description NMEMONIC |TYPE | 1% |2 |2 = |§ g &
T1 Metering Truss Top Plate +Y IHSKP T1 AD-590 | -30 | Nia|-25] -20{ 43 ] a5 | N/A | 50
T2 |Metenng Truss Top Plate -¥ IHSKP T2 AD-590 | 30 NiA | -25¢ -20 1 43 ] 45 [ N/A | 50
T3 Metering Truss Shell IHSKP T3 AD-590 | 30 N/A-25] -201 43 | 45 Nia | 50
T4 [Focal Plane Frame at +Y Rail Mount  [IHSKP T4 AD-590 | N/AENA[N/AT 15| 43 | 45 ] N/A | 50
T5 |Analog Board Temperature IHSKP ANALCIAD.590 | -30f -201-207] 15| 54 | 59| 40 | &0
Metering Truss Base Plate at +X
T6 |Flexure IHSKP T& AD-590 | -30 | N\VA 1 -20) -15 ) 43 ]| 45 | N/a | 50
Metering Truss Base Plate at -X,-Y
T7 |Flexure IHSKP _T7 AD-590 | -30 | N/A|-20| 15[ 43 ] a5 | tva | 50
Metering Truss Base Plate at -X,+Y
T8  |Flexure IHSKF T8 AD-580 | -30 | NA| -20] -15 [ 43| 45 ) Nia | 50
T2 Pallet at +Z Flexure IHSKP T9 AD-580 | 30 I N/A[-10] -5 [ 43| 45 N/Aa | 50
T10 |Pallet at -X Side IHEKP T10 AD-590 | -30 { N -10f -5 | a3 | 45] nva | B0
T11
T12
T13
T14
T15_[Calibration Diffuser Assembly IHSKP_T15  (AD-590 | -30 [ NvA ) -20) 15| 43 ] 45| 40 | 50
T16 |Catibration Diffuser Drive Motor IHSKP_T16 AD-590 | -30 | N/A ) -20| 15| 43| 45| 40 | 50
T17 |Housing Top Plate -Y IHSKP T17  JAD-550 { -30 [N/A[-20] -15 ] 43| 45| N/A ] 50
T18 |Housing Top Plate +Y IHSKP T18 IAD-590 | -30 IN/a | -20] -15] 43| 45 [ N/a ] 50
Focal Plane Conductor Bar, intemal
T19 |Rail Interface IHSKP_T19  |DT-570 | -80 1 N/A | -80 ) -75 | N/A| NVA | NvA [ NrA
Focal Plane Conductor Bar, Internal
T20 |Flex Link IHSKP_T20  |AD-590 [ N/A[ N/aIN/Al N/a ] 43 | 45 ] Nia | 50
Focal Plane Conducicr, Internal Rail
T21 |interface JHSKFP T21 DT-570 [ -80 | N/A 1 -80] -75 | Nial NiA] N/A [ N/A
122
123
T24 |Aperture Cover Drive Motor Structure |IHSKP T24  |aD-590 | 45| -35 | -a0| -30 | 43| 45| 40 | 50
T25 |Aperture Cover Drive Motor IHSKP_T25 |AD-590 | -45] -35|-40| -30| 43| 45| 40 | 50
Aperture Cover Launch Latch Paraffin
T26 |Actuator IHSKP T26 AD-580 | 45] -35|-40( -30 | 43| 45| 40 | 50
T27 jAperture Cover IHSKP_T27 |AD-590 | -45| -35 | -40] -30 | 431 45| 40 | 50
T28 [Aperture Selector Motor IHSKP T28 AD-590 | 45| -35{-40 -30 [ 43| 45] 40 { 50
Focal Plane Conductor Bar, External
129 [Flex Link IHSKP 729 |DF-570 { -80 [ N/A | -80| -75 [ N/A | NiA] NiA | N/A
T30
T31
T32 |Focal Plane Radiator, Bottom HSKP_T32 JAD-550 | N/A| N/A N/l WA 43 ] a5 Nia | s0
T33 |Focal Plane Radiator, Top IHSKP_T33 |DT-570 |} -80 | N/A ] -80 ] -75 | NZA| N/AL N/A [ nra
T34 |Focal Plane Radiator, Bottom IHSKP T34 DT-570 | -80 [ NiA | -80 -75 | N/A ] Nia] NiA | N
Focal Plane Electronics Radiator +Y
T35 |Support IHSKP T35 AD-590 | -30 | NAY-20] 15 ) 43| 45| Nia| 45
136 |ALICE Power Module +X Side IHSKP_T36 {AD-590 | -3¢0 | -20)-10]| -5 [ 54| 59| 40 | 59
T37 |Radiator Bupport Frame {(FPA) IHSKP T37  |AD-590 | N/a | Nia A Nia | 43 ] 45 | Nia | 50
T38 [Focal Plane Electronics Board 1 IHSKP 138 JAD-530 | -30 | -15}1-20| -15{ 43| 45} 40 | 50
T39 |Focal Plane Electronics Board 2 IHSKP 739 JAD-590 | -30 | -15|-20] -15] 43| 45| 40 | 50
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TABLE 9
Flight Power Yellow and Red Telemetry Limits For the ALI

Parameter Red Yellow Yellow Red
Min Min Max Max

FPFPP15 Focal OFF NA, NA NA NA
Plane Power +15V ON +14.0V +14.5V +15.5V +16.0V
FPPN15 Focal OFF NA NA NA NA
Plane Power —15V | ON -16.0V -15.5V -14.5V -14.0V
FPP5SA Focal Plane | OFF NA NA NA NA
Power +5V, analog | ON +4.50V | +4.75V +5,25V +5.5V
FPP5L Focal Plane | OFF NA NA NA NA
Power +5V, digital ON +4.50V +4 .75V +5.25V +5.5V
Flood Lamp 1 OFF NA NA NA NA
Current ON NA NA 0.94A 0.98A
Flood Lamp 2 OFF NA NA NA NA
Current ON NA NA, 0.94A (0.98A
Flood Lamp 3 OFF NA, NA NA NA
Current ON NA NA 0.94A 0.98A
ALICE +15V Monitor +14.0V +14.5V +15.5V | +16.0V
ALICE -15V Monitor -16.0V -15.5V -14 .5V -14.0V
ALICE +5V Monitor +4.50V | +4.75V +5.25V +5.5V
ALICE +5V Current 0.3A 0.4A 3.4A 3.5A
ALICE 2.5V Reference +2.3V +2.4V +2 .6V +2.7V
ALICE +28V Input Current 0.4A 0.5A 2.4A 2.5A
FPE +28V Input Current 0.1A 0.12A 1.1A 1.2A
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8. FLIGHT OPERATIONS

The ALI has been designed to require as little commanding as possible. All default parameters are
loaded into RAM from a PROM each time the ALICE is powered. Additionally, the thermal control
system and health and safety interlocks are fully autonomous. As a result, it is expected that only
commanding of the focal plane electronics and mechanisms will be required during flight operations.

3.1  POWER ON AND IDLE MODE

To power on the ALL the ASIST /_4L/_POWERON Systems Test and Operations Language (STOL)
procedure should be executed. This will provide +28 V bus power to the ALICE. The ALICE will
configure itself according to the default parameters listed in Table 3. The focal plane operational power will
not be active but the A side of the thermal control system will be functional and will autonomously attemnpt
to regulate the focal plane temperature to 220 K and maintain a thermal differential of <8 K between the
top and bottom plates of the metering truss by manipulating heaters H1, 2, and 7-12. The ALICE does not
check the positions of the ALI mechanisms after being powered. Therefore, it is important to
correctly configure the ALI prior to terminating power to the ALICE. It is also recommended that
the state of the mechanisms be checked immediately after the ALI is powered.

8.2 ACHIEVING THERMAL EQUILIBRIUM

A review of the thermal control system is provided in Section 2.9.

After a period of several orbits the ALI should achieve thermal stability and be ready for data acquisition. If
a data collection event is attempted prior to the establishment of thermal equilibrium of the focal plane,
Health and Safety Register #14 may indicate an anomaly. This situation poses no health risks to the
instrument, has been observed during thermal vacuum testing at Goddard, and is the due to the fact that the
ALl is not designed to collect data until the FPA is at a stable temperatire.

8.3 RELEASING LAUNCH LATCHES AND FAIL-SAFE HOPAS

To fire any high output paraffin actuators, the following STOL procedures should be run during a
real time contact with Goddard Space Flight Center. NOTE: A MIT/Lincoln Laboratory staff
member is required be present any time a HOPA is fired.

Aperture cover launch latch:

/1_armhopa circuit_mask = 4 (8 for redundant latch) . arm HOPA circuit
/1_firehopa circuit_mask = 4 (8 for redundant latch) duration = : fire HOPA circuit

wait until /thskp ledstatl0 =1 : watit until latch deployed
/1_resethopa : reset HOPA circuit
/1_flush_stored cmds ; flush all commands

Aperture cover fail-safe:
NOTE: The aperture cover fail-safe should only be executed in the event of the aperture cover motor

(not the aperture selector or solar diffuser moteors) completely fails and cannot be recovered. The
fail-safe HOPA can only be fired once and the aperture cover can never be closed again. It is
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mandatory that a MIT/Lincoln Laberatory staff member be present any time a fail-safe HOPA is
fired.

/i_armhopa circuit_mask = 16 {32 for redundant latch) ; arm HOPA circuit
/i_firehopa circuit_mask = 16 (32 for redundant latch) duration = 0 ; fire HOPA circuit

wait until /ihskp ledstat7 = 1 ; wait until fail-safe deployed
/i_resethopa ; reset HOPA circuit

/i_flush stored cmds ; flush all commands

Solar Diffuser Launch Latch:

/i_armhopa circuit_mask = 1 ; arm HOPA circuit
/i_firehopa circuit mask = 1 duration = 0 : fire HOPA circuit

wait until /ihskp_ledstats = 1 ; wait until latch deployed
/1_resethopa ; reset HOPA circuit
/i_flush_stored cmds ; flush all commands

Solar Diffuser Fail-safe;

NOTE: The solar diffuser fail-safe should only be executed in the event of the solar diffuser motor
{not the aperture cover or aperture selector motors) completely fails and cannot be recovered. The
fail-safe HOPA can only be fired once and the solar diffuser can never be deployed again. It is
mandatory that a MIT/Lincoln Laboratory staff member be present any time a fail-safe HOPA is
fired.

/i_armhopa circuit_mask = 2 ; arm HOPA circuit
/i_firehopa circuit_mask = 2 duration = 0 ; fire HOPA circuit

wait until /ihskp ledstatd = 0 ; wait unti] fail-safe deployed
/1_resethopa ; reset HOPA circuit
/i_flush_stored cmds ; flush all commands

84 DARK DATA COLLECTION

A dark scene will provide valuable data with which the dark current and noise of the focal plane may be
nvestigated. To configure the ALI for dark data collection, the focal plane operational power must be
activated, focal plane electronics configured, and the focal plane allowed to stabilize for four minutes. The
following sequence is recommended for nominal dark scene data collections:

h_setfpepower power mask = 5 : activate focal plane operational power
wait 10 ; wait 10 seconds for FPE to come up
/i_configfpe config command = 37583 ; configure FPE

/t_configfpe config_command = 16396 ; configure FPE

/1_contigfpe config_command = 16908 ; configure FPE

wait 240 seconds ; allow time for the focal plane to Warnm-up
fi_set fpe_dg duration = -1 ; activate focal plane data gate

wait 30 seconds ; collect dark current

/1 clr_fpe dg ; reset focal plane data gate

/i_setfpepower power mask = 4 ; deactivate focal plane operational power
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8.5 EARTH SCENE DATA COLLECTION

A standard earth observation requires three primary activities: open the aperture cover, collect data, and
close the aperture cover. The following sequence is recommended for nominal earth scene data collection:

/1_setfpepower power mask = 35 ; activate focal plane operational power
wait 10 ; wait 10 seconds for FPE to come up
A_configfpe config command = 37583 ; configure FPE

/i_configfpe config_command = 16396 ; configure FPE

/i_configfpe config command = 16908 ; configure FPE

wait 240 seconds ; allow time for the focal plane to warm-up
/1_mechpower ; enable mechanism power

/i_mechactive direction=0 mechanism=0 num_steps=0 ; open the aperture cover

wait 30 ; allow time for the aperture cover to open
/i_set_fpe dg duration = -1 : activate focal plane data gate

wait 30 seconds ; collect earth data

/i_clr fpe dg ; reset focal plane data gate

/1_mechpower ; enable mechanism power

/i_mechactive direction=1 mechanism=0 num_steps=0 ; close the aperture cover

wait 30 ; allow time for the aperture cover to close
/1_setfpepower power_mask = 4 ; deactivate focal plane operational power

8.6 INTERNAL LAMP DATA COLLECTION

Internal lamp data will be used on orbit to track the radiometric stability of the focal plane and also
contamination build-up on detector filter surfaces. To configure the ALI for internal lamp data collection,
the focal plane operational power must be activated, focal plane electronics configured. and the focal plane
allowed to stabilize for four minutes. The following sequence is recommended for nominal internal lamp
data collection:

/i_setfpepower power mask = 5 ; activate focal plane operational power
wait 10 ; wait 10 seconds for FPE to come up
/1_configfpe config_command = 37583 ; configure FPE

/1_configfpe config command = 16396 ; configure FPE

/1_configfpe config_command = 16908 ; configure FPE

wait 240 seconds ; allow time for the focal plane to warm-up
f1_fl cal ; execute flood lamp script

wait 20 ; allow time for flood lamp script to execute
/1_setfpepower power_mask = 4 ; deactivate focal plane operational power

3.7 TYPICAL DCE COMMAND SEQUENCE

A typical data collection event or DCE will encompass dark current, earth, and flood lamp data collection
elements. The dark current will be used to accurately subtract background levels from each earth scene.
Dark data will be collected before and after each earth scene to track background drifting and internal lamp
data will be used to assess the radiometric stability of the focal plane, relative to previous and future
observations. The following sequence is recommended for a nominal data collection event:

/1_setfpepower power_mask = 5 ; activate focal plane operational power
wait 10 ; wait 10 seconds for FPE to come up
/i_configfpe config_command = 37583 ; configure FPE

/i_configfpe config_command = 16396 ; configure FPE

/i_configfpe config_command = 16908 ; configure FPE
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wait 240 seconds ; allow time for the focal plane to warm-up

/i_set fpe dg duration =1 ; collect dark current for 1 second

wait 2 ; wait 2 seconds

/I_mechpower ; enable mechanism power

/1i_mechactive direction=0 mechamsm=0 num_steps=0 ; open the aperture cover

wait 30 ; allow time for the aperture cover to open
/i_set_fpe dg duration = -1 ; activate focal plane data gate

wait 30 seconds ; collect earth data

/i_clr fpe dg ; reset focal plane data gate
/i_mechpower ; enable mechanism power

/i_mechactive direction=1 mechanism=0 num_steps=0 ; close the aperture cover

wait 30 : allow time for the aperture cover to close
/1_set_fpe dg duration =1 ; collect dark current for | second

wait 2 ; wait 2 seconds

A fl cal ; execute flood lamp script

walt 20 : ; allow flood lamp script to execute
/1_setfpepower power_mask = 4 ; deactivate focal plane operational power

8.8 SOLAR CALIBRATION

The primary technique that will be used to radiometrically calibrate and monitor the ALI is known as solar
calibration (Section 4.2). To achieve this type of calibration, first the aperture cover 15 closed, the solar
diffuser is placed in front of the M2 mirror (see Section 2.4), and the focal plane is activated. The first two
steps ensure the safety of the instrument throughout the remaining sequence. The spacecraft is then slewed
so that the instrument is pointed at the Sun. After this maneuver is completed the ALI collects data as the
aperture selector is first deployed and then stowed. Standard dark current and internal lamp data are also
taken at this time. Once the solar calibration is completed, the instrument is slewed away from the Sun and
the solar diffuser is stowed. The following sequence is recommended for a nominal solar calibration:

Verify the aperture cover is closed. If not, close it.
/i_mechpower

/i_mechactive direction = 0 mechanism = 1 num_steps =0 : deploy solar diffuser

/i_setfpepower power_mask = 5 ; activate focal plane operational power
wait 10 ; wait 10 seconds for FPE to come up
/i_configfpe config command = 37583 ; configure FPE

/i_configfpe config_command = 16396 ; configure FPE

/i_configfpe conflg_command = 16908 ; configure FPE

wait 240 seconds ; allow time for the focal plane to warm-up

Slew spacecraft to point instrument at the Sun.
Wait for pointing to stabilize.

/i_set fpe dg duration = 1 ; collect dark current for 1 second
wait 2 ; wailt 2 seconds

/1_set_fpe dg duration = -1 ; activate focal plane data gate
/1_mechpower : enable mechanism power
/1_mechactive direction=0 mechanism= 2 num_steps=0 ; deploy aperture selector

wait 20 ; allow time for selector to finish
/1_mechpower ; enable mechanism power
/i_mechactive direction=1 mechanism= 2 num_steps=0 ; stow aperture selector

wait 20 ; allow time for selector to finish
A _clr_fpe dg ; Teset focal plane data gate

wait 2 ; wait 2 seconds

N_set_fpe_dg duration = 1 ; collect dark current for 1 second
wait 2 ; wait 2 seconds

/1_fl cal ; execute flood lamp script

wait 20 ; allow flood lamp script to execute
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/1_setfpepower power_mask = 4 : deactivate focal plane operational power
Slew spacecraft to point instrument away from the Sun

/1_mechpower

/i_mechactive direction = | mechanism = 1 mun_steps = 0 : stow solar diffuser

8.9 LUNAR CALIBRATION

The ALI lunar calibration consists of slewing the spacecraft in a raster fashion in order to scan the Moon
across each SCA, recording science data at each crossing. A dark reference is obtained before the
calibration begins and between each SCA crossing. An intemal lamp data acquisition is performed at the
end of the sequence. The following sequence is recommended for a nominal lunar calibration:

/i_setfpepower power_mask =5 ; activate focal plane operational power
wait 10 ; wait 10 seconds for FPE to come up
/1_configfpe config_command = 37583 ; configure FPE

A1_cenfigfpe config_command = 16396 ; configure FPE

/i_configfpe config command = 16908 ; configure FPE

wait 240 seconds : allow time for the focal plane to warm-up
/1_set_fpe_dg duration =1 ; collect dark current for 1 second

wait 2 ; wait 2 seconds

/1_mechpower ; enable mechanism power

/i_mechactive direction=0 mechanism=0 num_steps=0 ; open the aperture cover

wait 30 ; allow time for the aperture cover to open
/i_set_fpe dg duration = -1 ; activate focal plane data gate

wait 30 seconds ; Lunar scan #1

/i_clr_fpe dg ; reset focal plane data gate

wait 2 seconds ; wait 2 seconds

/i_set_fpe dg duration =1 ; collect deep space data for | second
wait XXX seconds ; allow time for the spacecraft to slew
/i_set_fpe dg duration = -1 . activate focal plane data gate

wait 30 seconds ; Lunar scan #2

it clr_fpe_dg ; reset focal plane data gate

wait 2 seconds : wait 2 seconds

/i_set_fpe dg duration = 1 ; collect deep space data for 1 second
wait XXX seconds ; allow time for the spacecraft 1o slew
/1_set_fpe_dg duration = -1 ; activate focal plane data gate

wait 30 seconds ; Lunar scan #3

/1 clr fpe dg ; reset focal plane data gate

wait 2 seconds ; wait 2 seconds

/1_set_fpe_dg duration = 1 ; collect deep space data for 1 second
wait XXX seconds ; allow time for the spacecraft to slew
/t_set_fpe dg duration = -1 ; activate {ocal plane data gate

wait 30 seconds ; Lunar scan #4

/i clr_fpe_dg ; reset focal plane data gate
/1_mechpower ; enable mechanism power

/i_mechactive direction=1 mechanism=0 num_steps=0 ; close the aperture cover

wait 30 ; allow time for the aperture cover to close
/i_set fpe dg duration =1 ; collect dark current for 1 second

wait 2 ; wait 2 seconds

A fl cal ; execute flood lamp script

wait 20 ; allow flood lamp script to execute
/i_setfpepower power_mask = 4 ; deactivate focal plane operational power
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8.10 FPA OUTGASSING

The focal plane array may need periodic warming in order to drive contaminants from the surface of the
multispectral filters. To place the ALI in outgassing mode, two steps are required: 1) warming of the FPA
by turning on all internal heaters and the spacecraft powered outgassing heater 2) opening the aperture
cover 22 degrees. It has been demonstrated during thermal vacuum testing at Goddard that turning on all
ALT heaters will heat the focal plane to ~ 3° C. This is sufficient to drive all previously observed
contaminants from the filter surfaces. However, the aperture cover must also be opened partially to allow
the outgassed material to escape. Two STOL procedures have been developed to accomplish these tasks,
ALI_ OUTGAS PRC and ALI APERTURE OUTGAS PRC. The following sequence is taken from these
procedures and is recommended for placing the ALI in outgassing mode:

/i_set_tcs_mode mode = 0 ; get marual control of TCS
/i_ena_htr_banks mank_mask=13 ; enable all heater banks
/1_man_har_ctri htr_mask = x’7¢3" h12_command = x"400’ ; furn on all heaters
/i_mechpower ; enable mechanism power
/i_mech_active directior = 0 mechanism = 0 num_steps = 60 ; open aperture cover 22 degrees

NOTE #1: To return to normal thermal control system operations the following command must be
sent:

/i_set_tcs_mode mode = 1 ; return thermal control system to
its normal operating mode

Note #2: The spacecraft controlled outgassing heater must also be turned on during FPA outgassing.

/talifpeoghtron ; Turn on spacecraft controlled ALI
outgassing heater

8.11 NOMINAL POWER OFF

To power off the ALI the ASIST /_4LI POWEROFF STOL procedure should be executed. This will
terminate the +28 V bus power to the ALICE. The ALICE does not check the positions of the ALI
mechanisms before being powered down. Therefore, it is important to correctly configure the ALI
prior to terminating power to the ALICE. Unless configured for outgassing (Section 8.10), the solar
diffuser and aperture selector should be stowed and the aperture cover should be closed.

812 SAFEHOLD

When in the safehold configuration, the ALI should have the aperture cover closed, ALICE +28 V power
termunated, and the spacecraft survival heaters enabled. Circumstances surrounding the necessity of placing
the instrument into safehold are covered in Sections 10 and 11.
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9. OPERATIONAL CONSTRAINTS

The Advanced Land Imager has three operational constraints:

L.

[FS)

The aperture cover of the instrument must be closed and remain closed if the spacecraft points
within 18 degrees of the Sun. This constraint includes periods when the ALl is in the outgassing
mode (see Section 8.10). An exception to this constraint is 1f the spacecraft 1s on the dark side of
the Earth (1.e. looking toward the Sun through the Earth). Care must be used when the spacecraft
15 leaving eclipse.

No high output paraffin actuator (HOPA) may be fired without the consent of an MIT Lincoln
Laboratory cognizant engineer.

No solar calibrations may be conducted until after the first 28 days of operation.
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10. FLIGHT TSMs AND RTSs

Telemetry and statistical monitoring or TSM is used to autonomously check critical parameters of all
satellite subsystems to ensure the overall safety of the observatory. For each TSM, an associated real time
script or RTS is called to execute the appropriate spacecraft response. Besides the events that will result in
the spacecraft entering safehold (e.g. loss of attitude control), there are five TSMs that will result in action
directly related to the ALIL

TSM # 67: If the Z-axis of the spacecraft is within 18 degrees of the Sun then execute RTS #12.

TSM #100: If IHSKP_T36 (ALICE power module) is = 39 C then execute RST #8.

TSM #101: If IHSKP_T38 (FPE board #1) is 2 50 C then execute RTS #8.

TSM #103: IF THSKP_ P28V (ALICE +28 V current) is = 2.5 Amps then execute RTS #7.

TSM #116: If IHSKP T19 (FPA temperature) is < -83 C then execute RTS #61.

RTS #7: /ialipwr off ; emergency ALI power off
RTS #8: /i setfpepower power_mask=0 ; turn off all FPE power
wait 5 : wait 5 seconds
/i_safe mode override = 1 ; stow all ALI mechanisms
wait 60 ; wait 60 seconds
falipwr off ; power off ALICE
RTS #12: /i_setfpepower power mask=0 ; turn off all FPE power
wait 5 ; wait 5 seconds
/1_safe_mode override = 1 ; stow all ALI mechanisms
RTS #61: ftalifpeoghtron ; Turn on spacecraft controlled ALI
outgassing heater
/i_set_tcs_mode mode =0 ; get manual control of TCS
/i_ena_htr banks mank mask=13 ; enable all heater banks
/i_man_htr_ctr] her_mask = x’7¢3” h12_command = x’400°  ; turn on all heaters
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11. ALI CONTINGENCIES

Table 10 lists contingency actions to be taken in the event of specific anomalous conditions of the ALL The
following are procedures referenced in this table:

Emergency Shutdown of the ALI
Terminate +28V power to ALICE immediately
Orderly ALI shutdown:
Off FPE Operating and Heater Power (see below)
Command ALI to “go to safehold” (I SAFE MODE)
Power off ALICE
Command to Safehold:
Issue “go to safehold” (I_SAFE_MODE override=1}.
On FPE Operating Power:
Issue command to turn on FPE operating power
(1_SETFPEPOWER POWER_MASK = 3, FPA heater bus A in operation.
[_SETFPEPOWER POWER_MASK =9, FPA heater bus B in operation.)
Off FPE Operating Power:
Issue command to turn off FPE operating power
If Housekeeping word bit 10 = 1 AND bit 11 = 0 THEN issue 1 SETFPEPOWER
POWER_MASK = 4, (FPA heater bus A in operation}.
If Housekeeping word bit 10 = 0 AND bit 11 = | THEN issue I SETFPEPOWER
POWER_MASK = g, (FPA heater bus B in operation).
Off FPE Operating and Heater Power

Issue command to turn off FPE operating and heater power {I SETFPEPOWER
POWER MASK = 0)

On FPA Radiator Qutgas Heater
Issue command to turn on FPA radiator outgas heater.
Set Event

Write event message identifying monitor condition.

The table below lists the anomalies identified requiring a timely response, or, at 2 minimum, the noting of
an event. For each potential anomaly, the tables indicate the monitor word and bits in the ALICE telemetry,
the limit, if known, the action taken by ALI, and the operational response that should be executed.
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TABLE 10

ALl Contingency Table

. . . . Spacecraft
Anomaly Moniter Point Lirmit ALl Action Procedure Notes

Excess FPE radiator Housckecping Werd 11, bits | Temp ~ 38.6C Off FPE Operational | Set Event ALI Health and Safety
temperature 0.07: (0 = -30.83C, 233 = and Heater Power Interlock

+60.82 C). Also,

Housekeeping Werd 33, but 0

Flag (0 = OK. I - FPE

Ovenemperaiure}.
Excess FPE Input Housekeeping word 29, bits | Current > 1.5 Amps Off FPE Operational | Set Event ALI Health and Safetv
Current B:15. (0 =-3.073 Amps. 235 = and Heater Power Intertock

-3.075 Amps). Also,

Housekeeping Word 33, bit 1

Flag (0 = OK. | = FPE

Overcurrent).
Excess FPE Housekeeping Word 33. bit 2 | 30.000 Seconds Off FPE Operational | Set Event ALl Health and Safety
Operational Time Flag (0 = OK. 1 = FPE en too Power Interlock

iong).
Excess Paraffin Housckeeping Word 28, bits | 1.1 Amp Disarm and Dhsable | Set Event ALl Health and Safety
Actuator Current 815 (0 — -2.03 Amps, 235 = Paraffin Actuator interlock

+2.03 Atmps). Also

Housckeeping Word 33, bit 3

Flag (0 = QK. 1 = Actuator

Overcurrent)
Excess Paraffin Heusekeeping Word 33. Bit 4 | > 120 Sec Disarm and Disable | Set Event ALl Health and Safety
Actuator Operation Flag (0 = OK. 1 = Acruator Paraffin Actuator Interlock
Time operaticn 100 long).
Excess Aperture Housekeeping Word 11, bus | > 58.6C Disable Motor Power | Set Event AL! Health and Safety
Cover Motor 8:15; (0 = -58.83C, 255 = and twrn off all Motor Interlock
Temperature +60.83C). Also Housekeeping Phases

Word 33, Bit 3 Flag (0 = OK.

1 = Motor overntemperatuare).
Excess Calibration Housekeeping Word 6. bits | > 58.6C Disable Motor Power | Set Event ALI Health and Safety
Diffuser Plate Motor | 607, (0 = -3883C. 235 = and turn off ail Motor lnterlock
Temperature +60.83C). Also Housekeeping Phases

Word 33, Bit 5 Flag (0 = OK,

1 = Motor overiemperature}.
Excess Cahbration Housckeeping Word 0, bits | = 38.6C Dnsable Motor Power | Set Event ALl Health and Safety
Aperture Selector 8:15. (0 = -S8.83C, 255 = and tumn off all Motor Interlock
Moter Temperature +60.83C). Alse Housekeeping Phases

Word 33, Bit 5 Flag (0 = OK.

1 = Motor overtemperature).
Excess Motor Housekeeping Word 27, bits | = 2.1 Amps Disable Motor Power | Set Event ALI Health and Safety
Current 8:13: (0 = -3.075 Amps. 255 = and turn off all Motor Interiock

+5.075 Amps). Also Phases

Fouskeeping Word 33, Bit 6

Flhag (0 = OK, I = Motor

Overcurrent).
Extess Motor Housekeeping Word 33. Bit 7 ¢ = 60 Sec Disable Motor Power | Set Event ALI Health and Safety
Operation Time Flag (0 = OK, 1 = Motor On and turn off all Motor Interlock

Too Long} Phases
Excess Lamp 1 Housekeeping Word 23, bits | > 0.98 Amps Disable Lamp power | Set Event ALl Health and Safery
Current o7 (0 = -1.015 Amps, 255 = and turn off all lamps Interlock

+1.015 Amps}). Also,

Housekeeping Word 33, Bt 8

Flag (0 = OK, 1 = Lamp

Overcurrent).
Excess Lamp 2 Housekeeping Word 23. bits | > 0.95 Amps Disable Lamp power | Set Event ALl Health and Safety
Current 8:15:{(0 = -1.01> Amps, 235 = and turn off all lamps Interiock

+1.015  Amps). Also,

Housckeeping Word 33, Bit 8

Flag (¢ = OK. | = Lamp

Overcurreni).
Excess Lamp 3 Housekeeping Word 24, bits | = 0.98 Amps Disable Lamp power | Set Evemt ALl Health and Safety
Current 0:7; (0 = -1.013 Amps, 255 = and turn off al! Tamps Interlock

+1.015 Amps). Also.

Housekeeping Word 33, Bit 8

Flag (0 = OK. I - Lamp

Overcurrent).
Excessive Lamp Housekeeping Word 33. Bit 9 | > 60 Sec Disable Larmp power | Set Event ALl Health and Safety
Operation Time Flag (0 = OK. | = Lamp on 100 and turn off all famps Interlock

long).
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TABLE 10 (Continued)
ALl Contingency Table

Excessive Heater Housekegping Word 29, bits | > 1.1 Amp Disable Heater Bank | Set Event ALl Health and Safcty
Bank | Current 07, (0 = -2.03 Amps. 233 = 1 Power Interlock
+2.05 Amps). Also,
Housekeeping Word 33, Bit 10
Flag (0 = OK. I = Heater Bank
| Qwercurrent).
Excessive Healer Housekeeping Word 30, bits | = 1.1 Amp Disable Heater Bank | Set Event ALL Health and Safety
Bank 3 Current 0:7: 40 = -2.03 Amps. 255 = 1 Power Interlock
+2.05 Amps). Also,
Housekeeping Word 33, Bit 12
Flag (0 = OK, 1 = Heater Bank
3 Overcurrent).
Excessive Heater Houscheeping Word 29, bits | > 1.1 Amp Digable Heater Bank | Set Event ALT Health and Safery
Bank 4 Current 815 (0 = -2.03 Amps. 255 = 1 Power Interlock
+2.05 Amps). Also.
Housekecping Word 33, Bit 13
Flag (0 = OK, 1 = Heater Bank
4 Orvergurrent).
FPE Thermal Control Housckeeping Word 33, Bit 14 | FPE Operational | Disable FPE Thermal | Set Event ALI Health and Safety
Fault Flag (0 = OK. 1 = FPE | Power On AND FPA | Control Power Interlock
Thermal Control Fault). Rail Heater Power >0
High ALICE Power Housekeeping Word 1, bits | > 53C None For  four (4) | T36 Warning
Module Temperature 8:15, (0 = -30.83C, 255 = consecutive
+60.83C) occurrences:  Set
Event
Excess ALICE Housekeeping Word 1. bits | > 58C None For four (4)
Pawer Module 845 (0 = -30.83C, 235 = consecutive
Temperature +6(083C) occurrences:
Orderly ALl
Shutdown ;  Set
Event
High FPE Board 1 Housekeeping Word 2. bits | > 42C None For  four (4) | T38 Wamning
Temperature 8:15, (0 = -50.83C, 255 = consccutive
+60.83C) occurrences:  Set
Event
Excessive FPE Board | Housekeeping Word 3. bits | >44C None For four (4)
1 Temperaturc 8:15. (0 ~ -30.83C, 255 = consecutive
+60.83C) occurrences:  Off
FPE Operating
Power; Set Event
High FPE Board 2 Housekeeping Word 3, bits | > 42C None For  four (4} | T39 Warning
Temperature 8:15; (0 = -30.83C, 255 = consecutive
+60.83C) occurrenees:  Set
Event
Excessive FPE Board | Housckeeping Word 3. bits | >44C None For  four (4}
2 Temperature 815, (0 = -30.83C. 255 = consecutive
+60.83C) occurrences:  Off
FPE Operating
Power; Set Event
Extremely Cold FPA Housekeeping Word 13, bits | <740 None For four (4} | T19 Wamng
Conductor Bar ®:07; (0 = -39.55C. 253 = - consecutive
100.45C) occurrences:  Set
Event
Excessively Cold Housekeeping Word 13, bits | <-78C None For  four (4)
FPA Conductor Bar 0:07: (0 = -39.35C, 255 = - consecutive
100.43C) occurrences:  On
FPA Radiator
Qutgas  Heater;
Sct Event
Extremely Coid FPE Housckeeping Word 11, bits | <-14C None For  four (4) | T35 Waming
Radiater 07, (0 = -30.83C, 2335 = consecutive
Temperature +60.83C) occurrences:  Set
Event
Excessively Cold Housekeeping Word 11, bits | <-19C None For  four (4}
FPE 0:07, (0 = -50.83C, 255 = consecutive
Radiator +60.830) occurrences:  On
Temperature FPE Operational
Power. Set Event
Excessive ALICE >2.5 Amps None For four (4}
+28V Current consecutive
OCCUITCNEEs
Emergency

shwdown of the
ALI Set Event
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12.

EMERGENCY CONTACT NUMBERS

TABLE 11

Emergency Contact Numbers

Name

Pager Number

Work Phone Number

Home Phone Number

Jeff Mendenhall

888-508-9863

781-981-0392

§78-635-1887

Leo Bernotas

781-981-4962

Costas Digenis

781-981-7993

Don Lencioni

781-981-7996
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13. SUMMARY

The ALI has demonstrated breakthrough technologies in the large non-cryogenic MS/Pan FPA, Wide FOV
telescope, and silicon carbide optics. It has been thoroughly tested, characterized, and calibrated. 1t is
expected with high confidence that flight tests will validate data continuity with Landsat 7. It provides a
pathfinder for an attractive follow-on Landsat and, with technology transfer, would significantly lower
follow-on costs
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1. 0 Introduction:

This document specifies the ASIST displays and procedures to be used by personnel during integration and
testing of the Advanced Land Imager with the Earth Observing-| spacecraft. The procedures and
housekeeping parameters described below are to be used oniy during nominal lab testing. Additional
procedures will be supplied for conducting EMVEMC: Thermal Balance and Thermal Vacuum; Vibration,
Shock. and Acoustic; and End-to-End tests.

This document is composed of two main sections. The first section describes the ASIST display windows
10 be monitored whenever the AL] is supplied +28V spacecraft power. A list and description of parameters
displayed in these windows are provided. Additionally, yetlow and red values are supplied for each
parameter. Yellow values indicate regions where a parameter has exceeded the nominal range of operation
but does not endanger the instrument. Operators should make note of these occurrences. closely monitor
these parameters until the ALl is turned-off, and report a summary of these events to MIT/Lincoln
Laboratory personnei (see attached contact list — Table 6) at the earliest convenience but no later than the
end of the day. Red values are limits which, when exceeded. pose an immediate health risk to the
instrument. Operators noting a red value has been exceeded should immediately execute the ALI Turn Off

Sequence and notify MIT/Lincoln Laboratory personnel.

The second section describes five ALI ASIST STOL procedures: Tum-on and Health Check Sequence,
Functional Test, Performance Assessment Test. Turn-off Sequence. and Emergency Shutdown Sequence.
Each procedure has a description of its function and supponting Command. ASIST Display. and Data
Processing sections.

2.0 ASIST Display Windows:

Three ASIST display windows have been created to suppont quick-look monitoring of key ALl parameters
during normal lab testing at SWALES. The three windows may be opened by accessing ASIST telemetry
files using the ASIST Add New Window command. The Nomnal ALI Housekeeping window
(I_NOMINAL file) consists of 19 key parameters whose analog values are updated ar a rate of | Hz and
displayed in a text format (see Table 1). The second ASIST window, the AL! Trending window (I_TREND
file). is a graphical window. This window dispiays five temperarures monitored in the NVominal ALI
Housekeeping window (T36 ALICE Radiator Temperature. T38 FPE Board | Temperawre. 739 FPE
Board 2 Temperature, T35 FPE Radiator Temperature. T5 Analog Board Temperature) in a strip chart
manner. The ALI Health and Safety window (I_HS_STAT file), is a text dispiay of 15 criticai parameters
thar directly indicate the current safety of the instrument (see Table 2). These parameters are displayed ina
binary format where green indicaies a parameter is within safety limits and red indicates a parameter has
exceeded a safety limit. Once a parameter has exceeded a red limit, immediate action is taken by the ALI
Control Electronics (ALICE) to maintain the safety of the instrument. For exampte. if the ALJ focal plane
electronics (ALI FPE) current limit (1.5 Amps) is exceeded. the ALICE will terminate power to the ALI
FPE. This condition will be indicated by the FPE Over Current parameter turning red on the ALI Health
and Safety window. (The ALI FPE will then remain off until manually powered at a later time.) Operators
noting a red value has been exceeded should immediately execute the ALT Turn Off Sequence and notifv
MIT/Lincoln Laboratory personnel.

I'he three ASIST windows described above snOUld De upenl W ieneyer e 28V spuueurail power i
supplied to the ALL



Table 1: Nominai ALI Housekeeping Window Parameter Description

Parameter Nominal Value { Yellow Min Yellow Max | Red Min | Red Max
T36 ALICE Tdic T36=T,+4 C NA T36+10 C | NA T36+15 C
Radiator Functional Test | T36=T,+6 C
Temperature Pert. Assess, Test | T36=T,+6 C
T38 FPE ldie Ti8=1, NA T38+10 C NA T38+15 C
Board 1 Functional Test T38=T,+2 C
Temperature Pert, Assess. Test | T38=T,+3 C
T39 FPE ldie T39=1, NA T39+10 C | NA T39+15 C
Board 2 Functional Test T39=T,+1 C
Temperawure [ Perf. Assess. Test | T39=T,+2 C
T35 FPE Radiator Temperamre | T35=T, NA T35+10 C | NA T35+15 C
T5 Analog Tdle TS=T,+1 C NA T5+10 C NA T5+15 C
Board Functional Test T5=T,+2 C
Temperature [ Pert. Assess:Test | TS=T,+2 C
FPPP15 Focal Plane | OFF 0.0V NA NA NA NA
Power +~15V ON *15.0V +14.5V +15.5V +14.0V +16.0V
FPPN15 Focal Plane | OFF 0.0V NA NA NA NA
Power -15V ON -15.0V -15.5V -14.5V -16.0V -14.0V
FPP5A Focal Plane | OFF 0.0V NA NA NA NA
Power +5V, analog [ ON +5.0V +4.75V +5.25V +4.5V +5.5V
FPP5L Focal Plane OFF 0.0V NA NA NA NA
Power ~5V, digital | ON +5.0V +4.75V +5.25V +4.5V +5.5V
Flood Lamp 1 OFF 0.0A NA NA NA NA
Curmrent ON 0.89A NA 0.94A NA 0.98A
Flood Lamp 2 OFF 0.0A NA NA NA NA
Current ON 0.89A NA 0.94A NA 0.98A
Flood Lamp 3 OFF 0.0A NA NA NA NA
Current ON 0.89A NA 0.94A NA 0.98A
ALICE =15V Monitor +15.0V +14.5V +15.5V +14.0V +16.0V
ALICE -15V Monitor -15.0V -15.5V -14.5V -16.0V -14.0V
ALICE +5V Monitor +5.0V +4.75V +3.25V +4.5V +5.5V
ALICE +5V Current 0.5A 0.4A 0.6A 0.3A 0.7A
ALICE 2.5V Reference +2.5V +2.4V +2.6V +2.3V +2.7V
ALICE +28V Input Current 0.6A 0.5A 0.7A 04A 0.8A
FPE Thermal A Only 0.22A 0.15A 0.30A 0.1A 0.35A
+28V “Thermal B Oniy 0.22A 0.15A 0.30A 0.1A 0.35A
Input Thermal A + 0.98A 0.9A 1.1A 0.8A 1.2A
Current | Operational Power

Thermal B + 0.98A 0.9A 11A 0.8A 12A

Operational Power ‘
Operational Power | 0.68A 0.6A 0.8A 0.3A 0.9A

Only

T, = Ambient Temperature




Table 2: ALI Health and Safety Window Parameter Description

‘Parameter
FPE Over Temperature
FPE Over Current
FPE On Too Long
HOPA Over Current
HOPA On Too Long
Motor Over Temperature
Motor Over Current
Metor On Too Long
Lamp Over Current
Lamp On Too Long
Heater Band 1 Over Current
Heater Band 2 Over Current
Heater Band 3 Over Current
_ﬂmerﬁ?nd 4 Over Current
FPE Thermal Control Fault

3.0 Procedures
3.1 Turn-On and Health Check Sequence:

The ALI turn-on and health check procedure consists of opening the ASIST ALI dispiay windows and
supplying the ALI +28V spacecraft power. The ALI will then perform an intemnal start-up procedure that
will subsequently place the instrument in a standard operating condition. This condition consists of the
ALICE and Thermal Control A power on, but the focal piane array operational power off (AL idle mode).
Once the ALI has been powered, a comparison of parameter values displayed in the ASIST Nominal ALl

Housekeeping window to expected values (see Table 3) should be performed to ascertain the health of the
instrument.

3.1.1 Commands - None

3.1.2 ASIST Displays - The ASIST will display the nominal ALI housekeeping windows during
turn-on and while the ALI is active. Table 3 depicts the parameter values expected while the ALI
is in idle mode. Additionally, particular attention should be paid to the Healith and Safety ASIST
window immediately after power is supplied to the ALL

3.1.3 Data Processing- No data processing required. Housekeeping data collected while the ALI
was powered should be sent to MIT/Lincoln Laboratory personnel.

3.2 Functional Test:

The ALI functional test consists of executing the Turn-On Sequence and then running the ASIST

*AL1_FUNCTIONAL’ STOL procedure. This procedure will turn-on and configure the focal plane, wait

four minutes for focal plane array stabilization, collect housekeeping and science data (dark cutrent) for 2

seconds. turn off the data gate, and turn off the focal plane operational power. The data collected during
e v * . * [ I B
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3.2.1 Commands — (For reference only)

Action ACCN ASIST BIB

FPE on = fpeon = fpeon = /i_setfpepower 5

Configure FPE = start data start = /i_configfpe 37583 = /i_configfpe 37583
= fi_configfpe 16396= /i_configfpe 16396
= fi_configfpe 16908= /i_configfpe 16908

Wait 4 minutes = wait 240 = wait 240 = wait 240

Collect 2 seconds

of data = Collect 2 seconds= fi_set_fpe dg2 = /i_set_fpe_dg2

Data gate off = start data_stop = none = none

FPE off = nocommand = fi_setfpepower4 = /i_setfpepower 4

3.2.2 ASIST Displays - The ASIST will display the nominal ALI housekeeping windows. Table 4
depicts the parameter values expected during a functional test.

3.2.3 Data Processing- Software will be provided for offline reduction of the dark current science
data. Analysis will inciude the generation of mean and standard deviation (noise) plots for each
pixel of every band. These piots should be compared to the nominal mean and standard deviation
plots provided in Figures 1 and 2. Mean values should not deviate by more than 5% of the values
shown in Figure 1. Noise values should not exceed 1.5 DN for MS pixels and 2 DN for PAN
pixels. Finaily, housekeeping and scisnce data collected during functional tests should be sent to
MIT/Lincoln Laboratory personnel.

3.3 Performance Assessment Test:

The ALI performance assessment test Consists of executing the Turn-On Sequence and then running the
ASIST ‘ALI_PERFORMANCE’ STOL procedure. This procedure will tum-on and configure the focal
plane, wait four minutes for focal plane array stabilization, activate the internal calibration lamps for 10
seconds, turn on the data gate, turn off the internal calibration lamps in 2 second intervals, tum off the data
gate, and turn off the focal plane operational power.

3.3.1 Commands — (For reference only)

Action ACCN ASIST BIB

FPE on = fpeon - fpeon = fi_setfpepower 5

Configure FFE = start data_start = /i_configfpe 37583= /i_configfpe 37583
= /i_configfpe 16396= /i_configfpe 16396
= /i_configfpe 16908= /i_configfpe 16908

Wait 4 minutes = wait 240 = wait 240 = wait 240

Run INTCAL = intcal = intcal = fi_fl_cal

FPE off = no command = fi_setfpepower 4 = fi_setfpepower 4

3.3.2 ASIST Displays - The ASIST will display the nominal ALI housckeeping windows.
Operators should wimess the Flood Lamp 1 Current, Flood Lamp 2 Current and Flood Lamp 3
Current values increase from 0 to ~ 0.9 amps for 16 seconds and then retum to 0 amps (see Table

5).

3.3.3 Data Processing- Software will be provided for offline reduction of the performance
assessment science data. Analysis will include the generation of mean plots for one pixel of every
band as a function of frame number. These plots should be compared to the nominal performance
assessment results provided in Figure 3. Mean values shouid not deviate by more than 5% of the
values shown in Figure 3. Finally, housekeeping and science data collected during functional tests

DIV ML L i VA ATEA 5 Al biiid AateliL Wbt [ hatbedubtatiadel



3.4 Turn-Off Sequence:

The ALI tum-off procedure consists of running the ASIST ‘ALI_OFF’ STOL procedure followed by
turning off the ALI +28V spacecraft power. Once the ALI power has been terminated. the ALl
housekeeping display windows may be closed. The ‘ALI_OFF" procedure will tum off the data gate and
the focal plane operational power in preparation for power down.

3.4.1 Commands - (For reference only)

Action ACCN ASIST BIB
Data gate off = start data_stop = A cir_fpe dg = fi_clr_fpe_dg
FPE off = no command = /i_setfpepower 4 = /i_setfpepower 4

3.4.2 ASIST Displays - The ASIST will display the nominal housekeeping windows (see Tabie 3)
until the ALI power is terminated.

3.4.3 Data Processing- No data processing required. Housekeeping and science data collected
while the ALI was powered should be sent to MIT/Lincoin Laboratory personnel.

3.5 Emergency Shutdown Sequence:

The ALI emergency shutdown procedure may be performed in two manners, depending on the severity of
the problem’. If a situation occurs whereby the health of the spacecraft and/or the instrument is in
immediate and severe jeopardy, the ALI may be shut down by terminating the spacecraft +28V power.
However. if the ALI is not in immediate danger (inciuding the red tag items mentioned above), the AL1
should be shut down by running the ASIST ‘ALI_OFF’ STOL procedure followed by tuming off the ALl
+28V spacecraft power. Once the ALI power has been terminated. the ALI housekeeping dispiay windows
may be closed. The ‘AL1_OFF’ procedure will tun off the data gate and the focal plane operational power
(if needed) in preparation for power down.

Once the spacecraft and ALI are no longer in danger. MIT Lincoln Laboratory personnel shouid be
notified.

"NOTE: The emergency shut down procedure outlined in this document is to be used during nominal
laboratory testing only. A different shut down procedure will be provided for EMVEMC; Thermal
Balance and Thermal Vacuwm; Vibration, Shock, and Acoustic; and End-to-End tests. Additionally, an
in-flight emergency shut down procedure will be provided ut a later date.



Table 3: Nominal ALI Housekeeping Window Parameter Values During ALI Idle Mode

Parameter Nominal Value

136 ALICE Radiator Temperature T, +4 C
"T38 FPE Board | Temperawre T,

T30 FPE Board 2 Temperature T,

T35 FPE Radiator Temperature T,

T5 Anaiog Board Temperature T+ C

FPPP15 Focal Plane Power +15V 0.03V

FPPN15 Focal Plane Power 15V 003V

FPP5A Focal Plane Power +5V, analog | 0.03V
EPP5L Focal Plane Power +5V, digitai | 1.71V

Flood Lamp 1 Current 0.01A
Flood Lamp 2 Curtent 0.01A
Flood Lamp 3 Current 0.01A
ALICE +15V Monitor +14.92V
ALICE 15V Monitor ' -14.92V
ALICE +5V Monitor +4 .97V
ALICE +5V Current 0.597
ALICE 2.5V Reference +2.50V
ALICE +28V Input Current 0616
FPE +28V Input Current 0.218

T,= Ambient Temperature



Table 4: Nominal AL] Housekeeping Window Parameter Values During a Functional Test

~ Parameter Nominal Value

T36 ALICE Radiator Temperature T, +6 C

138 FPE Board | Temperature T+2C

T39 FPE Board 2 | emperatre T+t C

T35 FPE Radiator Tempetature T,

T5 Analog Board Temperature T+2C

FPPP15 Focal Plane Power +15V +14.92V

FPPN15 Focal Plane Power ~15V -15.16V

_F_PPSA Focal Plane Power +5V, analog_ +4.90V
FPPSL Focal Plane Power +5V, digital | +4.81V

Flood Lamp | Current 0.0TA
Flood Lamp 2 Current 0.01A

[Flood Lamp 3 Current 0.01A
ALICE +15V Monitor +14.93V
ALICE 15V Monitor K «14.93V
ALICE +5V Monitor +4.98V
ALICE +5V Current 0.52A
ALICE 2.5V Reference +2.51V
ALICE +28V Input Current 0.62A
FPE +28V Input Current 0.98A

T,= Ambient Temperature

L



Table 4: Nominal ALI Housekeeping Window Parameter Values During a Functional Test

Parameter Nominal Value
T36 ALICE Radiator Temperature T+6 C
T38 FPE Board | Temperature T, +2 C
T39 FPE Board 2 Temperature T+ C
T35 FPE Radiator Temperature T,
T5 Anaiog Board Temperature T.+2 C
"FPPP15 Focal Plane Power +15V +14.92V
FPPN15 Focal Plane Power —15V -15.16V

FPP5A Focal Plane Power +5V, analog | +4.90V
FPPSL Focal Plane Power +5V, digital |} +4.81V

Flood Lamp 1 Current 0.01A
Flood Lamp 2 Current 0.01A
Flood Lamp 3 Current 0.01A
ALICE +15V Monitor ‘ +14.93V
ALICE 15V Monitor R -14.93V
ALICE +3V Monitor +4.98V
ALICE +5V Current 0.52A
ALICE 2.5V Reference +2.51V
ALICE +28V Input Current 0.62A
FPE +28V Input Current 0.98A

T, = Ambient Temperature



Figure 1: Nominal Functional Test Mean Values
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Figure 2: Nominal Functional Test Standard Deviation Values
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Table 5: Nominal ALI Housekeeping Window Parameter Values
During a Performance Assessment Test

~ Parameter Nominal Value
T36 ALICE Radiator emperamre T,+6 C
"T38 FPE Board 1 Temperature T+3 C
T30 FPE Board 2 Temperature T, +2 C
T35 FPE Radiator Temperature T,
T5 Analog Board Temperature TA+2C
FPPP15 Focal Plane Power +15V +14.93V
FPPN15 Focal Plane Power —15V -15.16V

FPP5A Focal Plane Power +5V, analog | +4.90V

“FPPSL Focal Planc Power +3V, digital | +4.82V

Flood Lamp | Current 0.89A
Flood Lamp 2 Current 0.89A
Flood Lamp 3 Current - 0.89A
ALICE +15V Monitor ' +14.92V
ALICE -15V Monitor -14.92V
ALICE +5V Monitor +4 81V
ALICE +5V Current 3.30A
ALICE 2.5V Reference +2.50V
ALICE +28V Input Current 1.17A

FPE +28V Input Current 0.94A




Figure 3; Nominal Performance Assessment Test Mean Values
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Table 6: MIT/Lincoin Laborzatory Contact Sheet

Name

Work Number

Home Number

Jeff Mendenhall

781-981-0392

978-635-1887

Ed Bickneil

781-981-7968

781-361-1819

Don Lencioni

781-981-7967

978-369-6184

Costas Digenis

781-981-7964

978-443-2614




